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a r i d i t y i n the region since the Pleistocene (Glennie 1970). Note 
also the scree sheets covering parts of the dunefield margin. 
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deposits including a high proportion of reworked 
aeolian sand. Dawlish Sandstone Formation 3^7 
33) Aeolian dune cross-set, f i l l i n g an aeolian deflation 
scour. Dawlish Sandstone Formation 307 
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ABSTRACT 
I n t h i s study, both modern and a n c i e n t f a n / f l u v i o - a e o l i a n a s s o c i a t i o n s a r e 
reviewed. C r i t e r i a f o r r e c o g n i t i o n of a n c i e n t a e o l i a n from f l u v i a l d e p o s i t s 
a r e d e f i n e d . Four case s t u d i e s were undertaken. Three are Middle to Upper 
Devonian sequences: a) The Caherbla Group, Dingle P e n i n s u l a , E i r e , 
b) The Pointagare Group on the same p e n i n s u l a , c) The P o r t i s h e a d Group, 
Avon. A Lower Permian sequence a t Dawlish, Devon was a l s o s t u d i e d . 
The dune types i n a l l four a r e a s were barchan to t r a n s v e r s e . Compound dunes 
(dr a a ) occurred i n the Caherbla and P o r t i s h e a d Groups. Some simple and 
compound dunes on the Caherbla d u n e f i e l d margin were a l s o r e v e r s i n g due to 
a topographic c o n t r o l of winds. The absence of l o n g i t u d i n a l and s t a r dune 
d e p o s i t s i n the study a r e a s r e f l e c t s t h e i r apparent r a r i t y i n the g e o l o g i c 
r e c o r d . However models f o r t h e i r p r e s e r v a t i o n i n f l u v i o - a e o l i a n sequences 
are presented. 
Evidence from both modern and a n c i e n t d u n e f i e l d s demonstrates t h a t dune and/or 
d u n e f i e l d r e l i e f f r e q u e n t l y c o n t r o l s the drainage p a t t e r n . The f l u v i a l 
systems most commonly found i n c u r s i n g i n t o a e o l i a n a r e a s a r e shallow, sandy 
and braided, or sandy s h e e t f l o o d . I n more a r i d c l i m a t e s more g r a v e l l y 
ephemeral flood d e p o s i t s may occur, as i n the Permian, Dawlish Sandstone 
Formation-
C l i m a t i c and t e c t o n i c events a r e recognised to t r i g g e r l a r g e r s c a l e fan, 
f l u v i a l or a e o l i a n d e p o s i t i o n a l p u l s e s . A e o l i a n d e p o s i t s may a l s o accumulate 
a t a s p e c i f i c phase during the b a s i n h i s t o r y , when sand from an u n d e r l y i n g 
f l u v i a l d e p o s i t i s a v a i l a b l e i n l a r g e q u a n t i t y . 
A s u i t e of c h a r a c t e r i s t i c b a s i n - s c a l e p a t t e r n s of f a n / f l u v i o - a e o l i a n i n t e r -
a c t i o n s are i d e n t i f i e d . 
F i n a l l y , s u f f i c i e n t Middle to Upper Devonian a e o l i a n sequences are now known 
to d e f i n e a r e g i o n a l wind p a t t e r n f o r the southern B r i t i s h I s l e s during the 
m i d - l a t e Devonian, T h i s i s compatible w i t h a l o c a t i o n i n the southern 
hemisphere trade wind b e l t . 
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CHAPTER 1 
MODERN AND ANCIENT FLUVIO-AEOLIAN INTERACTIONS; AN INTRODUCTION 
1.1 The reasons f o r the project 
Aeolian deposits occur throughout the world, although most commonly i n 
sub-tropical regions. Many of these aeolian areas are sliced through 
or bounded by drainage systems. 
The f l u v i a l and aeolian processes and subsequent deposits interact 
at a variety of scales and timescales. Yet, these interactions have 
not received great attention. However, a small number of pioneering 
case studies have been undertaken. Glennie (1970) examined and dis -
cussed a variety of modern and ancient fluvio-aeolian associations. He 
also discussed c r i t e r i a f o r recognition of aeolian from f l u v i a l deposits 
Other Important contributions were made by Lairing (1954, 1966, 
1982), who discussed i n some d e t a i l the Permo-Triassic fluvio-aeolian 
associations i n South Devon. 
The numerous case studies of individual hot deserts or proglacial 
areas, both modem and ancient, are discussed i n (Chapters two and nine. 
Unfortunately, many of these concentrate on either the aeolian 
or the f l u v i a l deposits, mentioning the other only b r i e f l y . This i s 
p a r t i c u l a r l y true f o r the case studies of l i t h i f i e d deposits. Hoi^-
ever, some important exceptions to t h i s are the work of Thompson (1970), 
Glennie (1972), Gradzinski and Jerzykiewicz (1974), Home (1975), 
Clemnensen (1978), Kessler (1978), Nagtegaal (1979), Brookfield (1980), 
Mader (198:Za)» Cleniiiensen and Abrahamsen (1983), Hubert and Mertz 
(1983) and Middleton and Blakey (1983). 
When studying sequences containing both f l u v i a l and aeolian u n i t s , 
e f f e c t i v e c r i t e r i a for the discrimination between the two are v i t a l . 
Some misconceptions continued to cause problems with discrimination 
during the 1970's; however, more c r i t e r i a are now available. 
C r i t e r i a f o r the recognition of aeolian from f l u v i a l deposits are 
l i s t e d and discussed i n Qiapter three. 
Some sequences composed of f l u v i a l and aeolian deposits are o i l 
and gas reservoirs. For example, the Permian Rotliegendes i n the 
Southern North Sea (Glennie 1972) and the Jurassic Weber Sandstone i
Colorado (Lupe and Ahlbrandt 1975, Fryberger 1979). 
In these examples, the interspersed f l u v i a l deposits generally have 
lower primary porosity and permeability (Uipe and Ahlbrandt 1975, 
Kessler 1978, Nagtegaal 1979 and Andrews 1981). 
The f l u v i a l deposits may therefore act as p a r t i a l or t o t a l bar-
r i e r s to gas and f l u i d migration (Lupe and Ahlbrandt 1975). Hence i t 
may prove economically useful to improve our understanding of f l u v i o -
aeolian interactions. 
1.2 The aims of the project 
The main aim of the project i s to integrate a new set of case-studies 
of ancient sequences with previous studies of modem and ancient depos-
i t s i n order to derive a set of general models. 
The new case studies are from both Palaeozoic and Mesozoic depos-
i t s i n the Southern B r i t i s h I s l e s . The deposits are studied on a 
va r i e t y of scales. Main themes are: the tectonic and topographic set-
t i n g during deposition; the facies geometry and facies sequence; the 
palaeocurrent associations with facies; the palaeographies. 
1.3 Problems 
Several problems should be recognised: 
F i r s t l y , much of the data f o r local and regional, geographic d i s -
t r i b u t i o n of fluvio-aeolian associations must come from unburied 
Holocene and Pleistocene deposits. 
In contrast, most of the data f o r analysis of fluvio-aeolian depo-
s i t i o n a l sequences must come from more ancient, l i t h i f i e d deposits, 
through which sections have been eroded. These are frequently Mesozoic 
or Palaeozoic. 
Great caution must be taken when comparing Holocene or Pleistocene 
fluvio-aeolian associations to those i n older periods. This i s because 
the Pleistocene and Holocene were characterised by dramatic and f r e -
quent global climate changes. This was almost c e r t a i n l y related to 
glac i a t i o n of high to mid-latitudes (Lamb 1961, Fairbridge 1964, 
Glennie 1970, Butzer 197^, Frakes 1979). 
Unfortunately, g l a c i a l episodes appear to have occupied a minor-
i t y of geological time (Frakes 1979). Therefore, i f fluvio-aeolian 
associations i n the Pleistocene and Holocene have been affected or 
caused by these dramatic climatic f l u c t u a t i o n s , they may not be repre-
sentative of those during much of geological tiine. 
The second problem i s one of scale. For instance, a f l u v i o -
aeolian association may be composed of interbedded 5 cm. f l u v i a l and 
aeolian beds. At the other extreme, f l u v i a l and aeolian formations may 
be interbedded. 
The factors influencing the processes, causing association of the 
deposits, may be very d i f f e r e n t i n each of the two cases. Therefore, 
fluvio-aeolian interactions and t h e i r deposits must be examined on 
several scales. This hierarchy i s developed and discussed i n Chapters 
two and nine. 
1.4 The case studies 
Four main f i e l d studies of ancient fluvio-aeolian sequences are pre-
sented . 
a) The Caherbla Group (of unknown age between upper. Lower and lower. 
Upper Old Red Sandstone). See Horne (1974, 1975), Allen (1979), 
Holland (1981). The Group i s located on the Dingle Peninsula i n 
Southwest Eire (see Fig. 1). 
This succession was chosen as the main case study because one 
can model both v e r t i c a l and l a t e r a l changes of environment, i n 
sections exposed f o r 28 km. along s t r i k e . Many sections are ex-
posed i n accessible sea c l i f f s . The sequences include several 
types of fluvio-aeolian association: Barchanoid, transverse and 
reversing dune, aeolian deposits occur with a l l u v i a l fan deposits, 
sandy braided channel deposits and sandy sheetflood deposits. 
This study constitutes Chapter four. 
b) The Pointagare Group (again of unknown age, w i t h i n the age con-
s t r a i n t s l i s t e d f o r the Caherbla Group). This was previously the 
Lough Slat (Conglomerate Formation and Beenmore Member of Horne 
(1974, 1976). Discovery of a previously unnoticed angular conform-
i t y required the stratigraphic position and names to be changed. 
This group i s also located on Dingle Peninsula (Fig. 1). Trans-
verse aeolian dune deposits occur with sandy braided f l u v i a l 
deposits, sandy, channel margin sheet deposits and interdune pond 
and flood deposits. 
The study forms Chapter 5. 
P O I N T A Q A R E G R O U P 
C A H E R B L A G R O U P 
P O R T r S H E A D G R O U P 
D A W L I S H S A N D S T O N E F O R M A T I O N 
I 100 Km I 
FIG. 1. MAP WITH LOCATIONS O F THE C A S E STUDY A R E A S 
c) The Portishead Group (Upper Old Red Sandstone)(Pick 1964). These 
deposits extend along the coast, a few kilometres southwest of 
B r i s t o l (Fig. 1). The thick succession i s composed predominantly 
of pebbly sandstones and s i l t s t o n e s , interpreted as f l u v i a l 
deposits, with possibly lacustrine, s i l t s t o n e formation and two 
previously unrecognised barchanoid-transverse aeolian dune sand-
stone formations. 
This study forms Chapter Six. 
d) The Dawlish Sandstone Formation (Lower Permian; Laming 1966, 1982; 
Smith et a]^. 1974). This sequence contains numerous barchan-
transverse deposits interbedded with sheets of imbricate breccias 
l a i n by sheetflood on a fan, or frequently, d i s t a l fan sheetflood 
sandstones. 
This study forms (Chapter Eight. 
1.5 The Syntheses 
The f i e l d studies i n Chapters Four, Five, Six and Eight are compared to 
the models developed from published examples of Holocene and Pleisto-
cene fluvio-aeolian associations ((Chapter 2). 
In Chapter Nine, the models developed for both Holocene and 
Pleistocene deposits and the case studies are compared with models 
derived from published studies of pre-Pleistocene deposits. The aim of 
t h i s synthesis i s to provide a set of both geographic and sequential 
models for various fluvio-aeolian interactions at several scales. 
F i n a l l y , an additional reward has been the discovery of Devonian 
aeolian deposits at Portishead near B r i s t o l (Chapter 6). Alan 
C^rruthers has also found another Devonian aeolian deposit i n central-
southern Eire (Carruthers 1984, pers. comm.). Hence, there are now 
s u f f i c i e n t Devonian, aeolian dune deposits across the southern B r i t i s h 
Isles to model a simple, prevalent wind regime (Chapter 7). 
CHAPTER 2 
PLEISTOCENE AND HOLOCENE FLUVIO-AEOLIAN INTERACTIONS 
2.1 Introduction 
Interactions between f l u v i a l and aeolian processes and t h e i r r e s u l t i n g 
deposits occur i n many parts of the world. 
These regions range from g l a c i a l outwash plains, through sandy 
r i v e r beds i n more temperate areas, to huge deserts i n sub-tropical 
regions. 
The vast proportion of sandy aeolian deposits and hence, f l u v i o -
aeolian associations, occur i n these semi-arid to very a r i d , warm or 
hot desert regions (see Meigs 1953)(Fig. 2). 
Examples of varying fluvio-aeolian associations i n a broad spect-
rum of Pleistocene and H' locene environments w i l l be presented. Com-
parison of these may allow c l a s s i f i c a t i o n of fluvio-aeolian interactions 
and discrimination of the factors c o n t r o l l i n g them. 
Pleistocene deposits are included w i t h Holocene deposits, as many 
Pleistocene deposits remain unburied. Also, many Holocene f l u v i o -
aeolian associations appear to have continued from the Pleistocene. 
Unfortunately, Pleistocene and Holocene climates appear to have 
been unusual i n comparison to climate during much of the Phanerozoic 
(Frakes 1979). 
Dramatic climatic fluctuations appear to have occurred globally, 
at least p a r t l y due to pulses of g l a c i a t i o n i n high to mid l a t i t u d e s . 
These glaciations appear to have affected wind speed (and i n some cases 
d i r e c t i o n ) , and also temperatures and p r e c i p i t a t i o n levels w i t h i n a l l 
climatic belts (Fairbridge 1964, Glennie 1970, Butzer 1978). 
These problems w i l l be discussed i n more d e t a i l a f t e r description 
of a spectrum of fluvio-aeolian associations. 
Some of the aeolian deposits to be described are now pa r t l y or 
largely inactive having formed during more windy or arid conditions 
e a r l i e r i n the Holocene or Pleistocene. These generally inactive 
aeolian deposits can be recognised i n most cases by the quantity of 
vegetation and s o i l to have developed on them. 
Hence, the following exanples are divided i n t o 
a) Areas that have c h i e f l y active aeolian deposits. 
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b) Areas that have c h i e f l y inactive aeolian deposits. 
The following examples of fluvio-aeolian associations are not a 
comprehensive l i s t , but a set chosen to i l l x i s t r a t e the spectrum of 
types. This may allow d i s t i l l a t i o n of the main processes c o n t r o l l i n g 
the interactions. 
Some of the examples have only b r i e f descriptions. This i s due to 
scarcity of published data. 
2.2 Cold climate fluvio-aeolian associations 
a) Active aeolian areas 
Sachs River, Banks Island, Arctic Canada (Good and Bryant 1985) 
(Fig. 12). 
The r i v e r i s low sinuosity, sandy and braided. I t suffers 
seasonal floods. Hence, during low stage periods, source-bor-
dering aeolian sheetsands can form on sandy bars and channel 
margins. Aeolian d e f l a t i o n surfaces are common w i t h i n channel 
margin sandflats. However, w i t h b u r i a l , the aeolian deposits 
may be mixed with alluvium by permafrost processes. 
Knife River, Alaska (Fahnstock and Bradley 1973)(Fig. 3a). 
The r i v e r i s sandy and braided. I t generally has a valley 
t r a i n over a mile wide. I t i s g l a c i a l l y sourced and seasonally 
flooded. Katabatic winds blow down valley from the glacier. 
These winds can rework dry areas of alluvium on the bars or 
channel margins. This results i n the formation of rare, source-
bordering transverse dunes up to three metres high. These are 
concentrated on the downstream side of bends i n the r i v e r , where 
the channel margins are most prone to aeolian reworking (see 
Fig. 3a). In some parts of the v a l l e y , the dunes act wi t h 
natural levees to confine flow to the channel centre. 
Glacial Outwash fans i n Southern Iceland (Boothroyd and Nummedal 
1978)(Fig. 3b). 
These coalescent fans drain southwards to the coast, f i n i n g from 
coarse gravels to sands. Each fan i s drained by a large, low 
sinuosity, braided channel. As these carry most flow, much of 
each fan i s covered by inactive stream areas. Furthermore, flow 
is seasonal, being dependant upon g l a c i a l meltwaters. 
The sparsity of vegetation and the strong easterly and west-
e r l y winds cause aeolian reworking of these dry, sandy, upper 
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d i s t a l fan areas. This sector i s covered by small humnock 
dunes or longitudinal dunes w i t h some vegetation. More r a r e l y , 
small, unvegetated transverse dunes occur. Because of the east-
e r l y and westerly winds, the longitudinal dunes are oriented 
perpendicularly t o the main channel. During sunnier flooding, 
some of the interdune f l a t s flood (see t h e i r Fig, 16.8). 
The Great Sand Dunes, Colorado, U.S.A. (Schumm 1961, Andrews 
1981)(Fig. 4 ) . 
This i s a small (60 by 20 km.) dunefield that extends along the 
eastern flank of the N-S oriented San Luis Valley, a graben i n 
the Rockies (Andrews 1981). The Rio Grande l i e s some f i v e to 
ten kilometres to the southwest of the f i e l d . (Generally veget-
ated, blowout, parabolic and barchan dunes occur i n the west of 
the f i e l d . These give way i n the central eastern sector to 
eastward ^migrating, shoaling transverse dunes that p e r i o d i c a l l y 
reverse t h e i r crests. These transverse dunes are transformed 
i n t o star dunes on the Northern margin on t h i s active, shoaling 
area (see Fig. 4). 
The shoaling body i s divided from the mountain f r o n t by 
Medano Creek (Schurm 1961). The creek i s ephemeral, with seas-
onal flow controlled by r a i n f a l l and snowmelt i n the adjacent 
mountains. The creek reaches over a kilometre wide, i s f l a t and 
shallow. The width to depth r a t i o commonly varies between 40 
and 160 (Schunm 1961). The f l o o r i s c h i e f l y composed of sheet-
sands composed of sand derived mainly from the flanks of the 
dunefield. Minor flow can be observed to end by percolation i n -
to the sand bed (Schunm 1961). During dry seasons aeolian sand 
can cross t h i s , and d i s t r i b u t a r y channels. Interdune ponds 
occur among the westerly, often vegetated dunes. Medano Creek 
appears t o end i n floodouts betveen parabolic dunes (Andrews 
1981, f i g . 2). Andrews (1981) also provides a model of f l u v i o -
aeolian associations i n the dunefield. This suggests that other 
minor f l u v i a l channels extend from the Sangre de C^hristo range 
perpendicularly i n t o the non-shoaling dune areas i n the west of 
the f i e l d (see Figs 4, 13). Her model suggests that these chan-
nels were f i l l e d by f l u v i a l sediment and then overrun by further 
aeolian deposits. 
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b) Inactive dune areas 
Northern Sweden (Seppala 1972)(Fig. 3c). 
The dunes are extensively vegetated, and frequently parabolic. 
They l i e on, or adjacent t o , eskers, g l a c i o - f l u v i a l deltas, out-
wash plains, valley t r a i n s and g l a c i a l outwash channels. 
Drainage was to the southeast, p a r a l l e l to the edge of melt-
ing Scandinavian ice sheet to the northeast. The dunes also 
migrated southeast along the valleys. Only i n rare cases have 
dunes migrated more than two kilometres from t h e i r source of 
sediment. V i r t u a l l y a l l the dunes are now inactive following 
revegetation of the proglacial areas. 
The H i ^ Plains (Mississippi Valley), U.S.A. (Cooper 1938)(Fig. 
3d). 
This was also a Pleistocene proglacial area, similar i n many ways 
to Northern Sweden. However i n t h i s case the lobes of the ice 
sheets advanced to the south and southeast. In the Brainerd 
area of the Northern Mississippi, the r i v e r flows to the south-
west. Effective winds blew to the northeast. As a r e s u l t , tran-
sverse and parabolic dunes shoaled to the northeast following 
the outwash pl a i n . Some of the lee slopes reach twenty metres 
or more i n height. 
Cooper recognised that i n some cases, f l u v i a l i n c i s i o n i n t o 
the g l a c i a l outwash p l a i n l e f t r e l a t i v e l y dry terraces and plains 
on which aeolian processes could operate. 
2.3 Temperate climate fluvio-aeolian associations 
Such associations are r e l a t i v e l y rare, and of small extent. The main 
exceptions are the coastal dunefields cut by r i v e r mouths. These can 
be observed throughout tenperate, coastal Europe ( c f . E l l i o t t 1978, 
p. 146). A ty p i c a l example occurs at Borth, Dyfed, Wales, on the 
mouth of the River Dovey. A b e l t of dunes have developed on the inland 
side of the sandy back shore. A s p i t extends across part of the r i v e r 
mouth, complete with hurrroock or blowout dunes on the landward margin. 
The r i v e r deposits sands and nuds behind the s p i t . 
Kruit (1955) observed aeolian dunes i n the p e t i t Rhone, on the 
Rhone delta. These reached up t o 15 metres high and were formed by 
aeolian reworking of point-bar sands. I n t h i s case, seasonal discharge 
i s due t o alpine meltwater. The large quantities of sand deposited may 
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then be reworked during low stage seasons. 
2.4 Fluvio-aeolian associations i n a l l warm, semi-arid to very a r i d 
areas 
a) Active dune areas 
The Red River, Texas (Sellards 1923, Allen 1965)(Fig. 5a). 
The r i v e r i s sandy, braided, with highly variable discharge. 
During low stage, aeolian processes may operate over much of the 
channel and floodplain. I n the study area, the channel i s migra-
t i n g northwards, leaving sandy alluvium to the south. This 
alluvium has been reworked i n t o four series of source-bordering 
dunes up to ten metres high. The youngest of these dunes are 
nearest the channel. Most of the dunes are i r r e g u l a r l y shaped 
hummocks and are p a r t i a l l y vegetated. During floods, overbank 
s i l t s and muds are deposited between dunes. 
Algodones dunes. Imperial Valley, California (Sharp 1979)(Figs 
5b and c ) . 
A 74 X 10 kilometre b e l t of dunes extends along the valley. The 
b e l t i s composed of transverse complex dunes with crescentic 
parasitic dunes, which migrate up the valley. 
The dunefield i s sourced by the Colorado r i v e r to the south, 
and/or, the underlying shallow marine sands. Floods from moun-
tains bordering the b e l t to the northeast are channelled down 
interdune corridors between the complex transverse dunes. I n 
other cases, the floodwater i s ponded on the northeastern flank 
of the f i e l d by the overall r e l i e f , of the f i e l d . Sharp demon-
strated that w i t h i n the ponded area the f l u v i a l deposits f i n e 
with proximity to the dunes (see Fig. 5c). 
Djofra Graben, Libya (Glennie 1970)(Fig. 5d). 
The broad, shallow graben contains fans extending inwards from 
both scarps. I n the centre of the graben, wind has mounded the 
sandy, d i s t a l fan deposits i n t o transverse, linear and star 
dunes (see Glennie 1970, Fig. 40). When floods reach the centre 
of the graben they pond, either on the margins of, or w i t h i n 
the dunefield. 
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Kerman Basin, Iran (Dresch 1968)(Fig. 5e). 
The basin i s elongate and 100 kilometres wide. A similar trans-
i t i o n of environments from margins to centre occurs, but i n t h i s 
case, yardangs and longitudinal dunes run along the centre of the 
valley. This causes exclusion of floodwaters from most of the 
f i e l d and ponding on the margins of the f i e l d . 
The Takla Makan Desert, Central Asia (Petrov 1962, 1966, Breed 
et a l . 1979)(Fig. 6a). 
A number of large intermontahe deserts occur i n central Asia. 
These are frequently dominated by active aeolian deposits 
(Petrov 1966). The Takla Makan desert l i e s i n an E-W basin and 
shows a va r i e t y of types of fluvio-aeolian i n t e r a c t i o n . 
.7 The desert i s composed c h i e f l y of large, compound crescentic 
dunes (Breed et a l . 1979). The dunefields are bordered on three 
sides (North, West and East), by the vegetated floodplain o f the 
sandy, braided Tarim River. In the northeast of the dunefield, 
playas (or ba j h i r s ) extend from the floodplain i n t o interdune 
areas on the dunefield margin (Hedin 1896, Petrov 1966, Breed e t 
a l . 1979 Figs 260, 261). 
The Ho.'tien Ho River flows from south to north, bisecting the 
dunefield, and maintaining a floodplain from 10 to 100 kilometres 
wide. The floodplain i s covered only by sand sheets and streaks 
(Breed et a l . , 1979). 
A few minor r i v e r s also flow northwards i n t o the f i e l d along 
interdune corridors. These flows dissipate i n t o the sands. 
A l l the channels carry water from July to August, during snow-
melt i n the adjacent mountains (Breed et a l . , 1979). 
. Using the nearby Peski Kara Kum basin as an example, Wilson 
(1970) demonstrated an important concept. The two main dune-
f i e l d s w i t h i n the basin are again divided by a major r i v e r , the 
Amu Darya. However, Wilson (1970) calculated that resultant 
sand d r i f t betvreen the two dunefields was s u f f i c i e n t to block 
the r i v e r by causing sand deposition downstream. The r i v e r , how-
ever, maintains i t s course. Wilson therefore suggested that, 
d e f l a t i o n during the long period of low stage flow could carry 
much of the additional sand load out of the r i v e r to continue 
i t s journey downwind. A similar quasi-equilibrium may allow 
the Ho*tien Ho River to maintain i t s course through the Takla 
Makan Desert. 
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The Namib Desert, Southwest Africa (Breed et a l . , 1979, King 
1951, Logan 1969)(Fig. 6b). 
This dunefield forms a 150 kilometre wide b e l t along the 
A t l a n t i c coast (Breed et a l . 1979, Fig. 221). Simple crescen-
t i c dunes move inland from the coast, w h i l s t further inland, 
simple to conplex longitudinal dunes run from south to north 
along the desert. 
Three r i v e r s enter the desert from the mountain b e l t to the 
east. The two southerly r i v e r s flow westwards, c u t t i n g through 
longitudinal dunes, to die out as playas i n the centre of the 
dunefield. These r i v e r s both flow ephemerally. They are be-
lieved to have reached the coast i n the past. 
Star dunes occur around the ends of the two r i v e r s (McKee et 
a l . 1977, Breed et a l . 1979, Lancaster 1983). This suggests 
that winter winds blowing o f f the mountains can be channelled 
down the r i v e r valleys (McKee et a l . 1977). 
The Kuiseb r i v e r forms the northern boundary of the dunefield. 
Northward migrating dune sand collapses over an escarpment int o 
the r i v e r , which pe r i o d i c a l l y removes i t downstream (King 1951, 
Logan 1969). As indicated by Wilson (1970), t h i s r i v e r has a 
net gain of sand. 
The Wahiba Desert, Oman (Glennie 1970, Breed et a l . 1979)(Fi^. 
6c). 
The dunefield i s composed c h i e f l y of compound and complex, long-
i t u d i n a l dunes which extend northwards. Chrescentic dunes l i e 
along the eastern, coastal margin. 
To the north of the. dunefield l i e mountains. The dunes once 
extended to the actual mountain f r o n t , where o u t l i e r s remain. 
However a major, southeastwards flowing wadi sourced by the 
mountains has now removed a b e l t of 20 to 25 kilometres from 
the north of the dunefield (Glennie 1970). As a re s u l t however, 
the e n t i r e dunefield has considerable r e l i e f r e l a t i v e to the 
wadi f l o o r (30 metres or more). This causes concentration of 
wadi flow,as the erg acts as a r e l a t i v e l y steep channel margin. 
I t also prevents wadi floods from entering the dunefield u n t i l 
the wadi reaches the eastern flank of the f i e l d (see Fig. 6c). 
Glennie (1970) suggests that the long-term erosion at the 
northern margin of the f i e l d indicates more r a i n f a l l or weaker 
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winds i n the region. He supports t h i s f u r t h e r , by demonstrating 
that longitudinal dunes on the northern margin of the dunefield 
are degrading i n t o transverse compound dunes. 
Coastal dunes. Northern Oman (Glennie 1970)(Authors observations), 
I n northern Oman, the sandy backshores and coastal sabkhas supply 
sand f o r source-bordering dunes. Unvegetated crescentic dunes 
migrate landwards at Mutra near the Capital. Minor, ephemeral, 
sandy wadis extend from nearby h i l l s , c u t t i n g through the dune-
f i e l d . These are f i l l e d by p a r a l l e l laminated sheetflood sands 
i f small, but also contain gravel bedforms i f larger. 
The Erg Chech and Erg Occidental, N.W. Sahara (Dubief 1953 , 
Vanney 1960, Mabbut 1977, Breed et a l . 1979). 
The two dunefields abut the Atlas Mountains to the northwest, 
from which flows the Guir-Messaoud r i v e r system. The lower 
reaches of t h i s r i v e r system divide the two dunefields (see Fig. 
6d). 
Flow i s seasonal due to winter rains i n the mountains, although 
short-lived sunnier storms also cause flooding (Dubief 1953 ). 
There i s a f a i r l y regular decrease i n discharge downstream i n 
the medial sector of the channel. Mabbut (1977) believes t h i s 
to be due to i n f i l t r a t i o n and also evaporation where the flood-
waters spread. Discharge continues to decrease i n the d i s t a l 
sector of the channel, due to the increasing Importance of the 
aforementioned factors. However, i n the d i s t a l sector, major 
losses also occur i r r e g u l a r l y , due to discharge by d i s t r i b u t a r i e s 
i n t o 'sump basins' (Mabbut 1977). Aeolian dunes can also colon-
ise the channel f l o o r i n t h i s d i s t a l sector. These may cause 
obstruction or further diversion of flow i n t o 'sump basins'. 
The channel f i n a l l y transforms in t o an area of elongate playas 
(Breed et a l . 1979, Fig. 206), and becomes henmed i n by dunes 
(Mabbut 1977). 
The l a s t flood to reach the d i s t a l parts of the playa occurred 
i n 1915 (Vanney 1960, Mabbut 1977). 
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b) Inactive dune areas 
The Texas coastal dunefields (Price 1938). 
Both transverse and longitudinal dunes extend inland from the 
coast of Texas. These are largely vegetated and frequently 
degraded. 
Many ponds occur i n interdune areas. Price divided these i n -
to rows of ponds that are aligned and single ponds that are 
oriented along an interdune area. He also noted that larger 
ponds also show a stronger orientation. The ponds were often 
f i l l e d by seepage from the high water table, but also f i l l -
ed by r i v e r floodwater. 
The Rio Grande Delta Erg contains shallow, ephemeral channels 
which flow to the southeast. Apparently transverse, sandy-clay 
dunes trend east-west w i t h i n the channels, causing drainage to 
d i v e r t around them. The depressions i n the channel between the 
dunes are f i l l e d by playas. 
The Simpson Desert, Central and Southern Australia (Madigan 
1938, ^4abbut 1968, 1977, Wasson 1983y(Fig, 7). 
The dunefield i s composed c h i e f l y of spinifex-covered longitud-
i n a l dunes, i n which only the crests remain active. The dunes 
trend NNW-SSE (Madigan.1938). 
Drainagef lows generally toward the south, with ephemeral 
streams ending i n playas, both following interdune areas (Madi-
gan 1938). 
The Finke River follows the western margin of the f i e l d from 
• the McDonnell Ranges i n the north. This system also exhibits a 
downstream decrease i n discharge (Williams 1971, Mabbut 1977). 
I t i s largely sandy and i s dominated by small and large-scale 
current r i p p l e s , longitudinal and transverse bars, although 
upper-phase plane beds cover a small proportion of the central 
parts of some channels (Williams 1971). 
Even during the major floods of 1967, the Finke did not flow 
to Lake Eyre, but terminated i n a huge 'floddout' w i t h i n the 
margin of the dunefield, far to the north. Some of the i n t e r -
dune corridors remained flooded f o r up to seventeen months 
(Mabbut 1977). 
Mabbut (1968) also noticed that immediately upwind of r i v e r s 
and ephemeral lakes, longitudinal dunes appeared to form from 
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elongation upwind of crescentic dune arms. These dunes inmedia-
t e l y downwind from the water body appeared the least vegetated 
and most active. 
Si i n i l a r l y i n the Strzelecki dunefield on the east of Lake 
Eyre, large source bordering dunes occur on the floodplain of 
the anastomosing Cooper River (Wasson 1983b). These large, 
source-bordering transverse dunes are up to 60 metres high. I n 
turn , they source many small, longitudinal dunes that generally 
only occur i n t h e i r lee (on the floodplain)(Wasson 1983bXFig. 
8a). 
Wasson (1983b) also observed that i n the northern Simpson dune-
f i e l d , local alluvium appeared to have provided the material f o r 
the dunes. 
Mabbut (1968) also observed transverse dunes bounding the up-
wind end of small clay pans. He suggested that the pan was due 
to drainage course blockage by the dune. He also suggested that 
the dune may have remained at the upwind margin of the pan due 
to vegetation s t a b i l i s a t i o n . This vegetation colonisation may 
have been caused by additional moisture provided when the pan 
flooded. 
The Kalahari Desert, Southern Africa (Grove 1969, Breed et a l . 
1979, F i ^ . 233)(Fig. 8b). 
The southwestern area of the Kalahari Desert i s similar to the 
Simpson and Strzelecki dunefields, but perhaps more vegetated, 
with grasses on longitudinal dune crests (Breed et al.:1979). 
Several r i v e r s traverse the dunefield, wi t h flows concordant 
with or perpendicular to the resultant aeolian sand d r i f t direc-
t i o n along the dunes. 
To the northeast i n Ngamiland, longitudinal or alab dunes are 
well-vegetated and degraded. The drainage system i s disrupted 
by the dunes and i s ponded around them, forming the Okovango 
swamps (Grove 1969). 
The southern Sahara and Sahel i n Mali and Nigeria (Breed et a l . 
1979, Talbotl980 )(Fig. 8c). 
The fluvio-aeolian interactions i n t h i s area are broadly similar 
to the previous two examples (Breed et a l . 1979, Figs 201-202). 
I n Mali, the Niger follows concordantly between s e i f dunes f o r 
part of i t s course. However, southwest of Timbuktu, the Niger 
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forms a complex pattern, due to channels, swamps and pans running 
along interdune areas and more rarely c u t t i n g them. I n places 
the r i v e r appears to anastomose on a smaller scale too (see 
Breed e t a l . 1979, Fig. 201, and Talbot 1980, Fig. 3.2). 
There i s considerable evidence that Lake Chad was once f a r 
more extensive than at present, and a number of major r e l i e f 
channels occur (see Talbot 1980, Fig. 3.1). Longitudinal dunes 
also protrude from Lake Chad as islands,indicating that at least 
one more a r i d phase occurred (see Grove 1978). 
These features demonstrate the m u l t i p l i c i t y and extremity of 
climatic fluctxoations during the Pleistocene and Holocene.in the 
southern Sahara and Sahel. The thinness of some of the deposits 
formed by a r e l a t i v e l y long-term climatic f l u c t u a t i o n may cause 
some problems i n more ancient deposits. In such deposits, 
where detailed dating techniques cannot be used, a t h i n lacust-
rine or playa deposit may appear to be a deposit from a short-
term event. I n some cases, a major climatic f l u c t u a t i o n may 
only be represented by a dune s t a b i l i s a t i o n surface w i t h i n an 
aeolian succession (Glennie 1970, McLure 1978, Talbot 1980, 
1985). 
Such a surface may have: an unusual erosional topography, 
evidence of cementation of aeolian r e l i e f p r i o r to subsequent 
aeolian deposition; r o o t l e t surfaces, palaeosols; sabkha, playa, 
lacustrine or f l u v i a l deposits i n interdune areas (Glennie 1970, 
McLure 1978, Talbot 1980, 1985)(Figs 13 and 14). 
These bounding surfaces may be very extensive and have been 
observed i n widely spread areas of the Middle East and Africa 
by the authors above and others. Talbot (1985) terms them 
'regional bounding surfaces'. He also predicts that they are 
l i k e l y to be observed i n the deposits of the c l i m a t i c a l l y sen-
s i t i v e , equatorward margin of sub-tropical deserts. 
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2,5 Factors c o n t r o l l i n g fluvio-aeolian interactions 
Having examined the v a r i e t y of fluvio-aeolian associations, some of the 
factors c o n t r o l l i n g f l u v i a l and aeolian deposition become apparent. 
Basins 
Wilson (1970) recognised that aeolian deposits showed a tendency to 
accumulate i n basin centres. As f l u v i a l deposits have a similar tenden-
cy, there must be c o n f l i c t between the two processes, and association 
of t h e i r deposits. 
Aeolian sand sources 
For aeolian sand deposits to accumulate, there must be a source of sand. 
In the majority of present basins containing aeolian deposits, t h i s 
source i s the underlying alluvium, w i t h occasional associated lacustrine 
deposits. Some examples of t h i s are: The Simpson dunefield, Australia 
(Twidale 1971, Wasson 1983a., the Takla Makan desert. Central Asia 
(Petrov 1962). 
In some cases, t h i s material has been eroded from an underlying 
sandstone i n the basin. For instance, the Cave Sandstone (Bigarella 
(1979b),which i s believed to source the Kalahari desert (Breed et a l . . 
1979). 
Sources f o r f l u v i a l loads 
As r i v e r s can transport a wider range of cl a s t sizes, the sediment 
source i s less important. However, i f they are to interact with aeolian 
dunefields i t i s apparent that they w i l l carry considerable quantities 
of sand. As some of the examples have demonstrated, t h i s w i l l have a 
major eff e c t on the nature of the channel (Schumm 1961). 
Moisture and vegetation 
The a r i d i t y of the area, coupled with the pronouncedness of the seasons 
or extremity of r a i n f a l l events, are important controls on the amount 
of run-off and vegetation i n the basin (Vanney 1960). 
The vegetation can i n turn trap aeolian sand and i n h i b i t aeolian 
transport. Ash and Wasson (1983) report that i n general, aeolian ero-
sion increases rapidly once vegetation cover i s less than 15%. Hence, 
most of the semi a r i d to very a r i d areas designated by Meigs (1953) 
(Fig. 1) do contain areas of aeolian sand d r i f t . 
Low levels of vegetation cover also allow channel i n s t a b i l i t y 
(Schunin 1961). As t h i s may be associated with highly variable 
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discharge i n a r i d regions, flow may be v i r t u a l l y unconfined during many 
floods (Mabbut 1977). 
I t has also been recognised that i n the semi a r i d and savannah 
margins of many desert regions, vegetated dune areas are being reactiv-
ated by overgrazing (Hurault 1966, Warren 1984). 
The wind regime 
The wind regime appears t o be the main control on aeolian sand d r i f t 
d i r e c t i o n and rate i n dry sandy areas (Wilson 1970, McKee et a l . 1977). 
The r e l a t i v e frequency, d i r e c t i o n and spread of winds must a l l be 
taken into account (McKee et a l . 1977). I n some areas, the topography 
or basin shape may control wind directions. 
The proportion, .frequency and strength of winds from d i f f e r i n g 
directions appear to be the major control on dune type w i t h i n unveget-
ated dunefields (McKee 1979, Figs 3-12, Ahlbrandt and Fryberger 1982, 
Fig. 3a)(Fig. 9). 
The f I w i a l catchment 
Both the size of the catchment and proportion of the catchment on bed-
rock are major controls on discharge through the drainage system. As 
already demonstrated, many of the desert drainage systems have very few 
t r i b u t a r i e s i n t h e i r lower courses, i n sandplains or dunefields (Mabbut 
1977). 
2.6 Division of fluvio-aeolian associations 
I t i s apparent from the examples e a r l i e r i n t h i s Chapter that f l u v i o -
aeolian associations occur on a wide v a r i e t y of scales. However, one 
major d i v i s i o n can be made: 
a) Interactions between channels and extensive dunefields (where dunes 
are not necessarily sourced by the channel sands). 
b) Interactions between channels or floodplains and adjacent dunes 
which are sourced by the channel or floodplain (source-bordering 
dunes of Melton (1940)). 
The following disciassion deals c h i e f l y with the large scale 
associations. This i s followed by discussion of source-bordering asso-
ciations (Section 2.9). 
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2.7 Cl a s s i f i c a t i o n of sedimentary basins containing fluvio-aeolian 
associations 
One can divide the basins i n which the associations are found in t o a 
series of major types. 
a) Basins that drain to a sea (external basins). 
These can be divided i n t o two areas. An inner b e l t , which i s 
frequently bounded on i t s inland margin by a mountain fr o n t (piedmont), 
and an outer coastal b e l t . 
b) Basins that drain to an internal sink. 
These may be large stable platform or shield areas, or alternat-
i v e l y , intermontarie basins (see Glennie 1970, p. 39, Mabbut 1977, 
Collinson 1978b). 
The intermontane basins can be divided i n t o small basins (less 
than 50 km. wide) and large basins (greater than 50 km. wide). This 
divides major intermontane deserts such as those i n Central Asia, from 
minor aeolian dunefields, such as those i n basins i n the southwest 
U.S.A. 
2.8 Characteristic patterns of deposition w i t h i n the basins 
a) Sedimentary environments 
At t h i s basin scale, fluvio-aeolian associations appear to occur i n a 
lim i t e d number of patterns (Fig. 11). 
Previous workers have also recognised characteristic patterns. For 
instance, Hardie, Smoot and Eugster (1978) recognised a downstream > 
sequence of environments, p a r t i c u l a r l y applicable to intermontane basins 
i n the southwest U.S.A.: 
Ephemeral stream (or fan) — • Floodplain — > Dunefield —>• 
Ephemeral saline lake. 
Collinson (1978b p. 91) observed the following f o r fault-bounded 
basins, such as Death Valley, California. Fans at the margins pass 
outwards i n t o playa lakes or dunefields, or some combination of the two 
(see also, Glennie 1970, pp 39 and 59). Collinson also noted that i n 
the large stable basins ( i n t e r n a l l y drained generally), the centre of 
the basin i s f i l l e d by an erg (giant dunefield). The erg i s fringed 
by a l l u v i a l or ^ erosional' environments, and sabkhas could form i n 
topographic lows w i t h i n the basin. 
27 
b) Transport directions 
S i m i l a r l y , there are only a few characteristic relationships between 
the directions of resultant d r i f t of aeolian sand and drainage. 
Major data sources f o r t h i s analysis were: The landsat photographs 
and maps i n McKee, Breed and Fryberger (1977) and Breed et a l . (1979). 
These cover many of the major desert basins of the world.-. 
One can divide the sedimentary basins containing both f l u v i a l and 
aeolian deposits i n t o the following sectors: 
i ) Areas where the resultant aeolian sand d r i f t d i r e c t i o n i s appro-
ximately concordant with the drainage d i r e c t i o n , 
i i ) Areas where the resultant aeolian sand d r i f t d i r e c t i o n i s appro-
ximately perpendicular t o the drainage d i r e c t i o n , 
i i i ) Areas where the resultant aeolian sand d r i f t d i r e c t i o n i s 
approximately opposed to the drainage d i r e c t i o n . 
I f one assumed aeolian dunes to migrate i n a single d i r e c t i o n 
across a c i r c u l a r basin with centripetal drainage, one may expect the 
following occurrence (Fig. 10 
i ) Concordant 1/4 of the area 
i i ) Perpendicular 1/2 of the area 
i i i ) Opposed 1/4 of the area 
When one examines the landsat photographs and maps of the giant 
desert basins with centripetal drainage, i t i s found that they roughly 
agree with the above hypothesis. This also applies f o r some of the 
large intermontane basins such as those i n central Asia (Fig. 11). 
In smaller intermontane basins or grabens w i t h i n larger basins, 
drainage and dune migration d i r e c t i o n are generally perpendicular (Fig. 
11), This agrees with the observations of Collinson (1978b) that i n 
Death Valley, C a l i f o r n i a , dunes often migrated transversely over the 
toes of fans. 
As most of these smaller basins are elongate, i t i s probable that 
the relationship i s due to wind channelling along the basin, coupled 
w i t h weak, ephemeral drainage extending from the basin margins ( c f . 
Djofra and Kerman, examples i n Fig. 11). 
In piedmont settings, i n basins which are either i n t e r n a l l y or ex-
te r n a l l y drained, drainage i s generally opposed to the aeolian sand 
d r i f t d i r e c t i o n ( c f . Great Sand Dunes example i n Figs 4, 11). Some 
drainage courses are diverted i n t o a perpendicular course by the oppo-
sing aeolian sand body ( c f . Great Sand Dunes and Wahiba dunefields. 
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Figs 4, 6, 11). 
Glennie (1970) observed t h i s relationship i n piedmont areas and 
suggested that i n some cases i t was due to winds created by convection 
over the more rapidly heated, dark mountains. However, i n areas where 
a strong regional wind runs near p a r a l l e l to the mountain f r o n t w i t h i n 
a large basin, the regional aeolian sand transport pattern should be 
maintained, even near the mountains. For instance, longitudinal dunes 
run p a r a l l e l to the southern flank of the High Atlas Mountains i n the 
northwest Sahara (see Breed et a l . 1979). 
In the coastal b e l t of externally draining basins, f l u v i a l and 
aeolian transport directions are connonly opposed. Given that the 
aeolian sand source i s often a narrow b e l t of coastal sand, i t i s app-
arent that aeolian deposits w i l l generally only accumnulate i f resul-
tant aeolian sand d r i f t d i r e c t i o n i s onshore. 
The general r a r i t y of drainage that runs roughly concordantly with 
resultant,aeolian sand, d r i f t d i r e c t i o n has been demonstrated. In 
most cases, simple reasons as stated above explain t h i s r a r i t y . 
This can be taken a stage furt h e r , i n that concordant drainage 
ra r e l y penetrates the dunefield downwind to any great extent. The con-
cordant drainage may flow along the flank of the dunefield, but not 
through i t . A rare exception to t h i s occurs i n the southwest Kalahari 
(Fig. 8 ) , although t h i s i s probably p a r t l y due to decreasing a r i d i t y 
i n the area since the longitudunal dunes formed (see Breed e t a l . 1979, 
Fig. 233), In other large sand seas, where drainage i s concordant with 
the aeolian sand transport d i r e c t i o n i n the upwind area of the basin, 
the area i s a sheetsand p l a i n with no channels v i s i b l e from landsat 
photos (cf . Breed et a l . 1979, Fig. 206), These are aeolian sand 
sources with i n s u f f i c i e n t drainage to prevent development of aeolian 
bedforms. Another exception t o t h i s rule occurs i n very a r i d regions, 
with complex wind regimes which allow f i l l i n g of v i r t u a l l y the whole 
basin by dunes. This occurs i n northwestern Libya and southeHstem 
Algeria (Breed et a l . 1979, Fig, 207), There, minor wadis have to flow 
from the rocky basin margins i n t o the dunefields from most directions, 
(the predominance of flow i s i n an opposed d i r e c t i o n however), 
c) A c l a s s i f i c a t i o n of channel types 
Now the relationships between drainage directions and resultant,aeolian 
sand, d r i f t directions have been examined, i t i s apparent that channels 
interacting with dunefields can also be c l a s s i f i e d . 
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i ) Channels that bound the upwind margin of a dunefield (and probably 
source part of i t ) , 
i i ) Channels that bound the downwind margin or flanks of a dunefield. 
i i i ) Channels that e f f e c t i v e l y cut the dunefield. 
i v ) Channels that extend i n t o the dunefield, but die out w i t h i n i t . 
A l l these forms occur i n the examples given e a r l i e r i n the 
Chapter (Figs 3-8). 
I t i s apparent that most channels associated with dunefields are 
sandy, low sinuosity and braided. This i s p a r t i c u l a r l y true of those 
channels that enter or cut an,active dunefield. 
Occasionally, more sinuous channels can occur on a floodplain 
bordering an active dunefield. This i s the case f o r the large r i v e r s 
with vegetated floodplains bordering the Takla Makan desert (Breed et 
a l . 1979). 
F i n a l l y , meandering or anastomosing channels may occur on the mar-
gins of, or even w i t h i n an inactive dunefield. This occurs i n the 
Strzelecki desert i n southern Australia where s u f f i c i e n t vegetation 
occurs to allow the anastomosing Ctooper Rivei: to cut the inactive dune-
f i e l d (Mabbut 1977)(Fig. 7). 
d) A c l a s s i f i c a t i o n of dune types 
At t h i s point, further discussion of the relationship between the dune-
f i e l d and the drainage system, requires a d i v i s i o n of dunes i n t o major 
types. 
For the time being, these may be considered as: 
i ) Longitudinal dune systems 
i i ) Transverse dime systems 
i i i ) Star dune systems 
These dune types are a l l i l l u s t r a t e d i n Figure nine. 
The selection of examples given e a r l i e r , demonstrated the following: 
I f drainage systems do extend in t o the dunefield, the channels w i l l , 
where possible, follow interdune areas. Further, i t i s apparent that 
i f the dunefield has developed so that interdune f l o o r s are above the 
level of the surrounding floodplain, the f i e l d w i l l be capable of ex-
cluding any drainage apart from i n - f i e l d runoff. However, i n f i l t r a t i o n 
rates i n t o the dune sand are such that dunefield runoff i s s l i g h t and 
rare. Most transverse dune systems shoal gently (Wilson 1970, 1972a,b, 
Brookfield 1977). In areas where the dunes shoal steeply, not even 
interdune ponds occur ( c f . Great Sand Dunes, Andrews 1981). 
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At present, longitudinal dune systems cover f a r greater areas than 
transverse dune systems (see Breed et a l . 1979). 
In Australia, the longitudinal dunes frequently maintain interdune 
corridors w i t h only a t h i n veneer of sand covering the deflated surface 
of ancient alluvium that underlies the f i e l d . This alluvium i s more 
poorly sorted and better indurated than the aeolian sands, forming an 
ef f e c t i v e surface f o r development of the dunefield drainage system 
(Mabbut 1977)(Fig. 7). 
However i n other regions of longitudinal dunes the interdune areas 
have thicker sand deposits. These can s t i l l be colonised by channels 
and lakes, p a r t i c u l a r l y i n areas such as the Kalahari and Sahel which 
have gained moister climates and increased vegetation since dune forma-
t i o n . 
There i s l i t t l e data available on drainage i n star dune systems. 
However, i n the eastern Namib, floods from the mountains f i l l playas 
surrounding star dunes (Breed et a l . 1979, Figs 222-225). 
e) The e f f e c t of r e l i c t dunefields on drainage 
F i n a l l y , to return to the climatic fluctuations i n the Pleistocene and 
Holocene; Gamer (1974) recognised, that aeolian dune deposits do not 
degrade greatly with change to a moister climate. Instead, they become 
vegetated and s t a b i l i s e d . This frequently causes the superimposed 
drainage system to be 'disrupted' as i t continues to follow r e l i c t dune-
f i e l d margins or r e l i c t interdune areas. This time-lag on the end of 
influence by the dunefield,on the drainage,is of v i t a l significance to 
the understanding of modern and ancient fluvio-aeolian associations. 
2,9 Channels and t h e i r source-bordering dunes 
Much of the discussion i n Sections 2.7 and 2.8 i s relevant to large 
basins where f l u v i a l systems do not necessarily source the dunefield. 
However, small areas of aeolian sheetsands or dunes that: a) border 
t h e i r channel source, or b) actually l i e w i t h i n the channel, are also 
influenced by more local factors. 
I t i s apparent that the channel must be r e l a t i v e l y sandy. I t must 
also have considerable v a r i a b i l i t y i n level or stage of flow. This 
allows areas on bars, margins or floodplain to be exposed to aeolian 
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d e f l a t i o n (see Schumm and LichtylVoS, Wilson 1970, Glennie 1970, p. 46) 
Similarly, extreme v a r i a b i l i t y i n discharge i n h i b i t s the development 
of bank-binding vegetation (Schunm and Lichty 1963). 
A further important factor appears to be the relationship between 
the channel and the wind directions. I n the case of the Knik River i n 
Alaska (Fahnestock and Bradley 1973), channel-bordering dunes are only 
we11-developed where the channel turns to become perpendicular to the 
downvalley wind (Fig. 3 ) . 
(Channel-bordering dunes are frequently f a r larger than dunes that 
develop on bars w i t h i n the channel. This appears t o be due to the 
smaller area available f o r dune development on bars. However, both the 
main channel-bordering dunes and dunes on bars can act as additional 
levees (Schumm and Lichty 1963, Fahnestock and Bradley 1973), I n the 
case of the Cimarron River, Kansas, the levee dunes on bars reached 2 
to 7 feet high and became vegetation s t a b i l i s e d (Schumm and Lichty 
1963). I n t h i s example, the authors believed that t h i s may i n some 
cases assist bar attachment to the floodplain and channel migration. 
In channels that are completely dry f o r much of the time, large 
dunes may block the channel and cause f l u v i a l diversions to occur. 
These dunes may be longitudinal or transverse (Lewis 1936). 
F i n a l l y , there i s some debate as to the significance of aeolian 
sheet sands w i t h i n and adjacent to channels. Schumn and Lichty (1963) 
believed that some t h i n aeolian sheetsands were preserved on the flood-
p l a i n near the Cimarron River. However, t h i s was based on the assump-
t i o n that floods could not rework the sand sheets, but simply draped 
them with mud. This agrees with observations by Glennie (1970, p. 48) 
i n wadis i n North Africa and the Arabian Peninsula. However, Sneh 
(1983) believed the preservation potential of aeolian sheet sands with-
i n wadi sediments on the Sinai Peninsula t o be very low. The author 
has observed aeolian sheetsands interbedded with gravel bars i n wadis 
i n coastal, central Oman. 
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2.10 Stratigraphic models for fiuvio-aeolian interactions based upon 
Pleistocene and Recent deposits 
a) Aeolian sheet sands (FIR. 12) 
Data on aeolian sheet sand deposits within channel or floodplain se-
quences appears sparse. However, Glennie (1970, Figs 33, 36, 43) 
demonstrated their presence in wadi deposits from the Middle East. 
Although the occurrence of aeolian sheet sand deposits within a 
sequence appears to be erratic, Glennie (1970) demonstrated that the 
aeolian units frequently capped a fining upward f l u v i a l sequence, ind i -
cating declining energy during a flood. Such flood sequences were of-
ten capped by clay laminae, which were frequently dessication cracked, 
(see Glennie 1970, Fig. 41). However, i t is also apparent that non-
deposition or aeolian deflation may cause part of the f l u v i a l sequence 
to be missing. Finally, Glennie (1970) pointed out that many sand-
f i l l e d dessication cracks in ancient deposits could^be. f i l l e d by A :, 
aeolian sand. 
I t may be that preservation potential was low for aeolian sheet 
sands in ancient hot or cold deserts, thus explaining their apparent 
r a r i t y . Alternatively, i t may be that they are remaining unrecognised. 
These hypotheses w i l l be tested i n the subsequent case studies of 
ancient deposits. 
b) Source-bordering dunes within the main channel (Fig. 12) 
One may predict that dunes that were deposited on braid islands w i l l 
also cap fining upwards sequences, with a matching decrease in the 
scale of primary sedimentary structures. This is due to gradual dec-
rease in flow depth and competency over the bars (see Williams and Rust 
1969; Cant and Walker 1978; Bluck 1980, Conclusions). 
However, as demonstrated by Bluck (1980) bars that continue to 
migrate below floodwater level are l i k e l y to coarsen upwards. 
I t i s also apparent that bar tops w i l l have lower preservation 
potential than bar bases. Therefore the aeolian deposits may not be 
preserved, or may appear rarer than they were. 
Similarly, i f aeolian dunes on a dry channel floor were preserved, 
i t is probable that they would also cap a fining upwards sequence (see 
Glennie 1970, f i g . 41). The dunes may be capable of diverting flow and 
be preserved by the surrounding flood deposits (cf, Lewis 1936). 
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c) Source-bordering dunes on channel margins 
These deposits should again cap fining-upwards f l u v i a l sequences. A 
major source-bordering dune deposit may be preserved i f the channel was 
migrating away from the dunes. I f this occurred, one may expect the 
dune deposit to cap a major fining-upwards sequences caused by the 
floodplain deposits following channel deposits (cf. Bluck^lQSO), 
I f the channel reworks much of i t s floodplain, preservation poten-
t i a l w i l l be low. However, i t is probable that the larger the area of 
channel source-bordering dunes, the more li k e l y that some of the aeolian 
dune deposits w i l l be preserved. 
d) Other features of channel source-bordering aeolian deposits (Fig. 
i i > " 
A l l these aeolian deposits occurring near to drainar^e course have poten-
t i a l to become vegetated, thereby gaining rootlet horizons and probably 
a bioturbating fauna. 
The vegetation may cause aeolian sand-trapping causing hummocky 
dunes to grow. These are unlikely to migrate significantly, and may 
contain laminae dipping both towards and away from the channel. 
I f less vegetation occurs, barchan to transverse dxones may form. 
One may predict from the earlier examples that these w i l l leave foresets 
that on average dip perpendicularly away from the channel. Therefore 
the average f l u v i a l palaeocurrent orientation should also be crudely 
perpendicular to the dune foreset dip ()(<^cHon, 
e) Fluvial associations with more extensive barchan to transverse 
dunefields (Fig. 13) 
More extensive fields of barchan, barchanoid or transverse dunes may 
begin as channel source-bordering dunes. However, as already demon-
strated, the bulk of f l w i a l interactions with these larger dunefields 
occur due to drainage that is opposed or perpendicular to the resultant 
aeolian sand d r i f t direction. 
The most characteristic pattern observed i n the examples in this 
Chapter, has been one of minor channels or playas lying along interdune 
areas. 
I t i s accepted that most barchanoid and transverse dunes in dune-
fields climb gently up the windward slope of their predecessor (Wilson 
1970). As deflation occurs on that windward slope, only the lower part 
of the earlier dune is preserved (Brookfield 1977, Rubin and Hunter 
1982). 
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However, i f levels of sand supply are too low, the dunes may not 
cliinb (Sinnpson and Loope 1985). Hence, although f l u v i a l current indi-
cators within a succession would indicate that flow was parallel to any 
preserved aeolian dune trends, the dune toes would be rarely preserved. 
This could allow creation of an amalgamated,interdune flood,fluvial 
deposit, created by deposition i n successive interdune areas (cf. 
Simpson and Loope 1985)(Fig. 13). 
Simpson and Loope suggest that this may alternate with periods of 
greater sand supply, when dunes could cliinb or shoal. This model is 
iinportant, "as i t allows for allogenic factors such as climatic change, 
and although originally applied to 'interdune' deposits by the authors, 
is also applicable to f l u v i a l flood deposits in interdune areas. 
Evidently, the rarer the flooding, the more irregular the f i n a l 
deposit would be. Occasional flood channels may cut lenses into a 
sheet of moist or dry interdune deposits (cf, Huninel and Kjcurek 1984). 
Dune toes could be preserved by occasional floods laying a deposit over 
the toe which cannot be removed by the wind. 
I t should be stressed at this point that i f parasitic dimes l i e 
on a larger compound or complex dune, or i f dunes shoal steeply, they 
are very unlikely to have interdune ponds or channels (cf. Andrews 1981) 
However, Andrews (1981) produced a postulated cross-section through 
the Great Sand Dunes, U.S.A. (Fig. 13). In th i s , she suggests that 
channels cutting along the front of the dunefield (Medano Chreek) -.are 
preserved as lenses on interdune bounding surfaces. These are subse-
quently covered by the succeeding dune. She also shows this to have 
occurred i n lower areas upwind, composed of dunes climbing at. low angles. 
This f i e l d is unusual i n that many of the transverse dunes period-
ica l l y reverse their crests (see Fig. 9). However, they s t i l l have a 
resultant d r i f t direction towards the mountains and appear to act in a 
broadly similar manner to transverse dunes. 
Talbot (1985) also postulated a model for an arid-humid-arid clima-
t i c cycle in relation to transverse dunes (see Fig. 13). I n i t i a l l y , 
during an arid phase, he suggests that dunes climb normally, with inter-
dune deposits forming on the climbing deflation surface. 
During a subsequent hmid phase, he suggests that the dunes become 
stabilised and wet interdune deposits form a thick lens overlapping the 
lower flanks of the stabilised dunes. 
With subsequent renewed ar i d i t y , he suggests that the stabilised 
dunes remain fixed. The interdune deposits may form a drying-upward 
37 
t + 
P r e c a m b r i a n 
b a s e m e n t 
r o c k s -4-
l o c e n e 
a n d / -(-
M i o c e n e 
a l l u v i a l 
f a n s 
A). MODEL FOR FLUVIAL CHANNEL CUTTING. AND PRESERVATION IN THE 
AEOLIAN DUNE DEPOSITS OF THE GREAT SAND DUNES, COLORADO. 
FROM ANDREWS (1981). 
; / 1 
J \ 
n r 
i; \ • 
r. \ 
-
r- / 
: \ 
TERDUNES 
AMALGAMATED^ 
=:-.INTERIXmES 
TRANSVERSE DUNES 
View parallel lo wind direction 
B. 
A.D. 
DRY 1.0. 
A.D. 
Bounding jurfoce due ro migrolton 
of dunei ond interdunes. 
WET I.D. 
A . D . Active Dune 
F .D . Fixed Dune - tiabilited by vegetarian 
and a lurface crutt 
- r r ^ Bounding turfoce formed by ttobiliiation 
of dunej 
DRY I .D. Interdunei during dry phoie. 
Typicolly sitei of aeotion ledimentalion 
or a combination of aeolian and playo, 
ephemeral pool or labkho deposits. 
WET I .D. Inlerduno during wet phaia. 
Con be fluvial, locuiirine, playo, tabkha, 
or o combination of these. 
tw.U. Wetting Upward Sequence 
t D.U. Drying Upword Sequence 
Verticolly - occreted lodimenti in interdune depreuiom. 
At the lowest points in the troughs the succeuion ihould 
show a "wetfing-upword" sequence produced during the 
transition from orid to humid conditiorq. 
DRY r.D, A.D DRY I.D 
During transitional period interdunes may accumulate 
o drying - opword sequence, although this con later 
be removed by deflation. 
B). MODEL FOR DEVELOPMENT OF DUNE AND THICK WET INTERDUNE SEQUENCES . 
BASED ON THE SW. SAHARA AND SAHEL FROM TALBOT (1985). 
C). HYPOTHETICAL MODEL FOR DEVELOPMENT OF BARCHAN TO TRANSVERSE 
DUNE AND INTERDUNE SEQUENCES FOR WHITE SANDS, UTAH. FROM SIMPSON 
AND LOOPE (1985). 
FIQ. 13. CURRENT MODELS FOR THE DEVELOPMENT OF SEQUENCES OF 
BARCHAN TO TRANSVERSE DUNES WITH WET INTERDUNES OR FLUVIAL 
^ g CHANNELS 
sequence, although the top of this may be removed by subsequent defla-
tion. Finally, he suggests that new transverse dunes drape this sur-
face, crossing the now dry interdune areas. These new dunes may begin 
climbing again, leaving the older dunes and interdune lenses preserved 
largely intact. 
These models, by Simpson and Loope (1985), Andrews (1981), and 
Talbot (1985), w i l l be tested against examples from the geological rec-
ord.in subsequent chapters. I t is possible that a l l three models may 
be valid in different circumstances. 
f ) Fluvial associations with extensive areas of longitudinal dunes 
I t has also been shown that flood ponds and f l u v i a l channels l i e 
along interdune areas between longitudinal dunes. 
In recent years i t has been ascertained that longitudinal dune 
trends l i e along the resultant of at least two main wind directions, 
which are normally separated by anacute angle (see McKee 1979a, Fig. 
10; Tsoar 1982, Rubin and Hunter 1985)(Fig. 9). Therefore, i f such 
dunes migrate perpendicularly to their trend, in general, they must do 
so very slowly (cf. Rubin and Hunter, 1985). 
Hence, the dunes may not climb, and the positions of floodplains 
or channels lying along the interdune corridors may remain constant. 
Several workers have suggested that these deposits formed in the 
interdune areas w i l l therefore be lenses (McLure 1978, based on the 
Rub'Al Khali desert; Servant and Servant 1980, based on the Lake Tchad 
region; Talbot 1980, 1985. based on the Western Sahel)(Fig. 14). 
In the cases of McLure (1978) and Talbot (1980, 1985), climatic 
cycles changing from arid to humid to arid were postulated (see Fig. 14) 
As in the case of the transverse dune model of Talbot (1985), the 
i n i t i a l longitudinal dunes were stabilised by vegetation and soil for-
mation. Interdune ponds, lakes, or channels expanded. A subsequent 
renewal of aridity caused redevelopment of active longitudinal dunes, 
capping the earlier stabilised dunes. The interdune areas remained 
unburied. 
However, Servant and Servant (1980) d r i l l e d boreholes between 30 
and 90 metres deep on the northern and northeastern margins of Lake 
Tchad. The resulting sections suggested that buried interdune deposits 
were broad lenses or ribbons in the section perpendicular to the trend 
of the dunes (see Fig. 
This suggests that in some cases, longitudinal dune, interdune dep-
osits that may be fl u v i a l can be effectively buried. The causes of 
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this may be dramatic fluctuations i n sand supply and water-table • : 
near the lake margins. Dramatic increases i n sand supply may cause 
burial of the interdune deposits from a previous moister phase. Alter-
natively the buried interdune may be due to slow climbing of the dunes 
(cf. Rubin and Hunter 1985). 
In most longitudinal dune, desert regions of the world the models 
of McLure (1978) and Talbot (1980, 1985) appear more consistent with 
the evidence. Longitudinal dune reactivation, or stabilisation followed 
by capping by a new crest has been observed by Glennie (1970) in the 
Wahiba dunefield, Oman, and Grove (1969) in the Kalahari. 
I t appears that the intefdune deposits frequently remain unbiiried 
during successive climatic changes. Therefore, should the dunefield 
leave any deposit i n the geologic record, i t is li k e l y to be thin, with 
much removed from the margins i f followed by f l u v i a l deposits. Inter-
dune lenses may preserve a detailed history of events, but are l i k e l y 
to be in a single layer, except i n unusual circumstances as discussed 
above. 
g) Fluvial associations with star dunes (Fig. 15) 
Very l i t t l e i s known of star dunes or their interdune deposits. How-
ever, distal f l u v i a l and playa deposits accumulate around star dunes on 
the eastern margin of the Namib desert and i n parts of the Sahara (Breed 
et a l . 1979). 
Star dunes appear to grow vertically i n conplex wind regimes (see 
McKee 1979a., Figs 2,ll)(Fig. 9). They do not appear to migrate s i g n i f i -
cantly, or i f they do migrate, their migration rate w i l l be very slow, 
due to their vast size. Instead, McKee (1979a) believes that they may 
expand their bases once they have reached a threshold height. 
Ahlbrandt and Fryberger (1981) observed that interdune deposits 
between star dunes were thicker than any known from between longitudinal 
er;.transverse dunes. 
This vertical f i l l i n g of interdune areas would support the theory 
that the dunes migrate very slowly, or not at a l l . I f the dunes expand 
their bases, one may expect the interdtine deposits to thin under the 
core of the dune (Fig. 15). 
Once again, i t would appear l i k e l y that currents w i l l be channelled 
around the dunes. 
I t is also probable that only a small proportion of the dunes' 
height would be preserved. I t is possible that given a change i n wind 
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regimes, the base of the dune could be preserved under transverse 
dunes. 
Any of the star dune buried below the level of the interdune depo-
sits that accrete vertically around the dune, may have high potential 
for preservation. However, based on the interdune thickness, the sur-
viving aeolian deposit might only be a few metres thick (Fig. 15). 
h) Strati^aphic models for larger-scale associations of f l u v i a l and 
aeolian deposits 
Some channels that border, cut or extend into dunefields are far broad-
er than a single interdune area (see Breed et a l . 1979). 
In cases where a major channel extends into, or cuts a dunefield, 
i t s course i s often dictated by the point at which i t exits from i t s 
mountain catchment. Exanples of this can be seen in the Takla Makan 
or Namib deserts (Breed et a l . 1979). I t is probable that such chan-
nels have maintained relatively fixed paths through time. Therefore, 
the f l u v i a l deposits are l i k e l y to extend vertically upwards through 
the surrounding dunefield deposits. 
Climatic fluctuations may have caused the width of this vertical 
belt of f l u v i a l deposits to expand and contract. In very arid periods 
the belt of f l u v i a l deposits may have been entirely overrun by aeolian 
deposits (see Fig. 16). 
In other cases, i f the dunefield gained substantially i n height, 
a channel that previously cut the f i e l d may be diverted around the dune-
f i e l d . 
Such channels on the margins of the f i e l d are also l i k e l y to form 
a vertical belt of f l u v i a l deposits bordering the aeolian deposits. 
This also applies to marginal, alluvial fan deposits. These belts w i l l 
also widen and narrow i n response to climatic or regional tectonic 
changes (see Fig. 16). 
I t i s apparent that channels of an intermediate scale between 
those confined to interdune areas and these vast, relatively fixed 
route channels may occur. 
These are less simple to predict, as they and their floodplains 
may wander more. However, i n general these w i l l become more confined 
by dune areas during more arid periods and may wander more during more 
humid periods. But the reverse may be true, i f the quantity of vegeta-
tion present during a humid phase is sufficient to inhibit channels and 
slow channel and floodplain migration rates (see Collinson 1978c). 
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a) . Dune a c c r e t e s vertically and laterally, expanding over adjacent 
interdune deposits 
b). Climate becomes moister allowing stabilisation of dune slopes some erosion 
and gradual advance of alluvium in relict 
— * ' ' interdune a reas over remaining core 
of star dune 
F IG . 15. H Y P O T H E T I C A L MODEL FOR GROWTH AND P R E S E R V A T I O N OF 
STAR DUNE D E P O S I T S WITHIN W E T INTERDUNE D E P O S I T S AND ALLUVIUM 
9-
FIG. 16. MODEL O F TWO COMMON L A R G E S C A L E , F A N / F L U V I O - A E O L I A N RELATIONSHIPS. 
A) . A BASIN MARGIN FAN AND FLUVIAL FRINGE TO A DUNEFIELD. B) . A MAJOR CHANNEL 
CUTTING A DUNERELD OR ENDING IN IT. FED BY A F IXED S O U R C E IN THE BASIN MARGIN. 
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2.11 
This discussion has established a set of hypothetical models based up-
on Pleistocene and Holocene fluvio-aeolian associations. In subsequent 
chapters these models may be tested against case studies of more 
ancient fluvio-aeolian associations. 
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CHAPTER 3 
A DISCUSSION OF THE CRITERIA THAT ALIDW RECOGNITION OF AEOLIAN FROM 
FLUVIAL DEPOSITS 
3.1 Introduction 
The positive identification of ancient cross-bedded aeolian deposits 
has i n some cases proven problematic (see Walther 1888, Johnson and 
Friedman 1969, Chisholm and Dean 1974, Lovell 1978). For instance, the 
following deposits were previously interpreted as t i d a l , shallow marine 
sequences: The Permian, Yellow Sands, England (Pryor 1971); the Juras-
sic, Navajo Formation, U.S.A. (Freeman and Visher 1975, Visher and 
Freeman 1977); the Upper Devonian, Knox Pulpit Formation, Scotland 
(CHiisholm and Dean 1974). 
These same sequences have now been convincingly reinterpreted as 
aeolian dune deposits (the Lower Yellow Sands, by Nemec and Porebski, 
1977, and Glennie and Bullei;: 1983; the Navajo Formation by Sanderson, 
1974, and Hunter, 1981. see also Folk, 1977; Picard, 1977; Rusyla, 1977: 
and Steidtmann, 1977; and f i n a l l y , the Knox Pulpit Formation by Chis-
holm, 1985, pers. comn. and Mader and Yardley, 1985). 
Several reasons account for the misinterpretations of the above 
sequences as shallow marine deposits. F i r s t l y , Freeman and Visher 
(1975) believed that marine sandwaves, tens of metres high, could at t -
ain slipfaces that could imitate giant aeolian sets. I t has been 
shown, however, that the Steepest slopes of such sandwaves are around 
5° (Walker 1979, Allen 1982). 
Secondly, Freeman and Visher (1975) and Pryor (1971) suggested 
that the presence of large-scale, soft-sediment deformation structures 
mitigated against deposits containing that structure from being aeolian. 
However, some deposits containing such structures have now been clear-
ly proven to be aeolian dune deposits (see Sanderson 1974, Horowitz 
1982). 
Thirdly, in some cases, evidence based on the texture of sands and 
sandstones has been over-emphasized (see Freeman and Visher 1975, and 
Pryor 1971). This is discussed in detail later in the chapter. 
Fourthly, Visher and Freeman (1977) believed that bioturbation of 
foresets also supported a marine rather than aeolian origin for the 
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Navajo Formation. However, bioturbation by plants and animals is found 
in both modem and ancient aeolian dune deposits (see Glennie and Evamy 
1968, Ahlbrandt, Andrews and Gwynne 1978, Middleton and Blakey 1983). 
Chisholm and Dean (1974) also believed that bidirectionality of 
foresets more strongly supported an interpretation for a ti d a l rather 
than aeolian sand body. However, such bidirectionality can occur in 
aeolian deposits (see Chapter 4). 
In the cases of (3hisholm and Dean (1974) and Johnson and Friedman 
(1969), their interpretation of the units was hampered by the small 
scale and poor quality of exposures. Hovrever, since 1976, recognition 
of characteristic aeolian small-scale s t r a t i f i c a t i o n in cross=sets has 
greatly assisted i n the discrimination of aeolian deposits (Hunter 1976, 
1977, see Section 3.2.N). 
Other discussions on recognition of aeolian from marine sand bodies 
occur in Glennie (1970) and lilcKee (1983, p. 14), and where the sands are 
carbonate. Ball (1967). 
For comment on features for the recognition of beach from aeolian 
deposits, see Glennie (1970), Bigarella (1972:.and 1973b) and Ahlbrandt 
(1979). Unfortunately, there is not space to discuss these here, but 
some of the more important points can be found i n sections c, "d and g. 
There are few published examples of misinterpretations of f l u v i a l 
deposits as aeolian; however, Walther (1888) believed the Cretaceous, 
Nubian Sandstone of North Africa to be aeolian. This was demonstrated 
to be f l u v i a l by McKee (1962). 
I t i s apparent that most d i f f i c u l t y occurs in positively identify-
ing aeolian deposits and that an assemblage of features is needed (cf. 
Glennie, 1970, Bigarella 1972, McKee 1979b). 
I t i s , however, hard to place the various c r i t e r i a for recognition 
of aeolian deposits i n order of significance. This is due to their 
changed roles in the identification of varied types of aeolian deposits. 
Different types of aeolian sand deposits may have their i n i t i a l d i f f e r -
ences further accentuated by differences in preservation, cementation 
and subsequent exposure (see Table 3). 
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3.2 Criteria for recognition of aeolian, cross-bedded deposits from 
f l u v i a l , cross-bedded deposits 
a) The use of textural evidence 
There has been a loqg search for a set of absolute textural ranges, 
diagnostic of specific depositional environments (Friedman 1961, Folk 
1962, Ahlbrandt 1979). 
Studies often concentrated on grain-size sorting. I t is apparent 
that i f such absolute c r i t e r i a were possible, they would be of great 
value i n the sediuientologic interpretation of well-cuttings. 
However, more data from a broader spread of recent environments 
has become available. I t has become apparent that there is overlap of 
ranges of textural parameters between deposttional environments (Fried-
man 1961, Ahlbrandt 1979). This may be particularly so i n cases where, 
for instance, local f l u v i a l activity has reworked an adjacent aeolian 
deposit (cf. McKee 1979c„ Schumn 1961) (Chapters 4, 5, 8). 
Yet excluding these localised problems, textural ranges may s t i l l 
prove useful for a broad indication of a large-scale, depositional 
environment, for a large deposit (see Tables 1 and 3). 
A further problem is that the more quantitative techniques may 
require samples to undergo time-consuming laboratory processing. 
Finally, the following textural and compositional features are of-
ten mistakenly regarded as ubiquitous within aeolian deposits: a high 
degree of sorting, a predominance of well-rounded grains, compositional 
maturity (a quartz-arenite) and an absence of d e t r i t a l mica. 
Although many dunes meet seme of these c r i t e r i a , dunes on the mar-
gins of modem and ancient dunefields may meet few or none (see Chapters 
4, 5, 6, 8 and Glennie 1970). 
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b) Mean grain-size 
Modern deposits -
Average grain-size and grain-size ranges are listed for aeolian dune-
fields by Ahlbrandt (1979). He concluded that coastal dunes (predomin-
antly sampled in Brazil) were fine-grained (0.125-0.250 mm,). However, 
McKee and Ward (1983) cite seme examples of carbonate coastal dunes 
that are medium-grained. Inland dunes were, Ahlbrandt observed, of a 
broader size-range, but were predominantly medium to very fine-grained. 
In contrast? f l u v i a l sands have a far wider size range and are of-
ten coarse or pebbly (Glennie 1970). 
Ancient deposits 
Ancient deposits believed to be aeolian dune sets, are predominantly 
medium to very fine-grained sandstones. For instance: the Navajo sand-
stone (Sanderson 1974); the Wolfville sandstone (Hubert and Mertz 1980, 
1984). Other examples are given by McKee (1979). 
In conclusion, grain size may be useful supporting evidence for a 
deposit interpreted as aeolian. 
c) Grain-size sorting 
Modem deposits 
Studies on sorting of aeolian dune sands from around the world have been 
synthesized by Ahlbrandt (1979). Samples from dunes i n inland fields 
were found to be poorly to very well-sorted, most being moderately to 
well-sorted (Ahlbrandt 1979, Fig. 20). However, a l l samples from coast-
al dunes (chiefly Brazilian) were found to be well-sorted. Dunes, 
especially coastal dvines, may suffer from eluviation (dissipation) of 
clay or organic material downward through the sand (Bigarella 1975b, 
1979a). This may cause secondary distortion of the size-sorting of the 
sediment. 
However, in general, aeolian dune deposits w i l l be better sorted 
and contain less clay and mica than any adjacent f l u v i a l sources 
(Glennie 1970, p. 11; Simonett 1960). Clay lunette dunes are obviously 
an exception to this rule (Bowler 1973). 
Chepil (1945) followed sand downwind after a storm, and found that 
a very well-sorted sand deposit had formed within 0.34 and 0.68 k i l o -
metres of the f l u v i a l source. 
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Statistical measures, such as those adopted by Friedman (1961), 
can again be broadly effective, although some overlaps occur. These 
measures included geographical plots of mean, versus standard deviation 
of grain size. However, Friedman also stated that skewness for dune 
samples is generally positive. But Ahlbrandt (1979, Fig. 10) demon-
strated that inland aeolian dunes showed wide variations from positive 
to negative skewness. Ahlbrandt therefore concluded that skewness 
should not be used as a criterion for recognition of aeolian deposits. 
New comparative techniques such as discriminant analysis (Moiola and 
Spencer 1979) and the modified log-Laplace method (Gilbertson 1985 pers 
comm.) are now providing encouraging results i-rith recent deposits. 
Ancient deposits 
Ancient deposits believed to be formed from aeolian dunes are generally 
moderately to very well-sorted, with l i t t l e primary clay (Hubert and 
Mertz 1980, Thompson 1968, Bigarella 1979, McKee 1979c, Glennie 1970). 
This may be used as supporting evidence of a deposit's aeolian origin. 
(Quantitative examinations of sorting are d i f f i c u l t and time-con-
suming when applied to l i t h i f i e d deposits. Therefore, frequently one 
must resort to comparison of sorting by eye.between the potential aeol-
ian and f l u v i a l deposits. 
As the f l u v i a l deposit sourcing an aeolian deposit often underlies 
i t , comparison i n the f i e l d between the two can be possible. 
As noted by Bigarella, Alessi, Becker and Duarte (1969), recent 
dune sands could not be distinguished by sorting characteristics from 
the beach sands they were derived from when the beach sand was fine. 
However, i f the beach sand was medium or coarse-grained, an improvement 
in sorting occurred in the dune sands, which remained finer. I t is 
likeiy?that this is also applicable to f l u v i a l deposits. 
As our understanding of processes operating on dunes improves, 
studies based upon the sorting of individual small-scale strata (see 
Section n) may become more important (Steele 1981). 
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d) Grain sphericity and roundness 
Modern deposits 
Coastal and inland dune samplescfrotn around the world show a broad range 
of mean grain sphericity and roundness (Bigarella 1972). Mean round-
ness conmonly varies between sub-angular and well-rounded, whilst 
sphericity i s moderate to high (Bigarella 1972, Glennie 1970, Figs 12A-
139). Larger grains i n a population are commonly more spherical and 
rounded (Krumbein and Pettijohn 1938, Glennie 1970 p. 11). But such 
grains may be r e l a t i v e l y uncommon. Krumbein and Pettijohn (1938) equa-
ted t h i s shape improvement with size, explaining i t to be due to the 
increasing r a t i o of mass to surface area. 
Also, Kuenen (1960) and Glennie (1970) recognised that grains below 
0.1 imi. diameter were f a r less e f f e c t i v e l y rounded. 
Beal and Shepard (1956, p. 55) examined the roundness of quartz 
grains i n the 0.062-0.125 mn. i n t e r v a l . They found that a complete 
change to improved roundness occurred where grains crossed from the 
beach int o an adjacent dunefield. They recognised that t h i s change was 
due to selective sorting by the wind and not abrasion. Bigarella (1972) 
suggested that higher sphericity.= and roundness are frequently related 
and following Krumbein (1941), more spherical grains may saltate more 
e f f i c i e n t l y and hence be concentrated i n the aeolian deposit ( c f . 
Shepard and Young 1961). 
A similar process probably occurs i n the aeolian transport from 
f l u v i a l to adjacent aeolian deposits. This could cause a similar mark-
ed improvement i n mean grain sphericity and roundness on t r a n s i t i o n t o 
the aeolian deposit. 
Abrasion w i t h i n the aeolian environment also causes increased 
rounding and sphericity of grains (Bigarella 1972). 
Ancient deposits 
Many ancient deposits believed aeolian are composed of sub-apgular to 
rounded grains, w i t h moderate to high sphericity.(Glennie 1970, Figs 
124-126; McKee 1979c, pp. 199, 211; Gradzinski and Jerzykiewicz 1974) 
(Chapters 4, 5, 6, 8), This agrees with the modern deposits discussed 
above. 
Ancient f l u v i a l deposits are often composed of more angular grains, 
even when sourding an iinnediately::adjacent or overlying aeolian deposit 
(see Hubert and Mertz 1980)(Chapter 6). 
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However, the contrast between aeolian and source grain shapes may 
be s l i g h t , p a r t i c u l a r l y when both are fine-medium sand (see Chapters 
4, 5, 6). The differences can be negligible where aeolian deposits 
have provided v i r t u a l l y a l l the local f l u v i a l sedlinent (see Chapters 4 
and 7)(McKee 1979c). 
Once again, absolute, worldwide, t e x t u r a l values f o r f l u v i a l and 
aeolian deposits overlap. But i n general, microscopic examination of 
grains w i l l show an improvement i n grain shape i n aeolian deposits, when 
compared to i i t h e i r probable sources i n f l u v i a l deposits. 
e) Grain surf ace tevfore 
Modern deposits 
I t has long been recognised that aeolian sand grains may have a d u l l or 
frosted appearance. There has been controversy as to whether the f r o s -
t i n g i s due to aeolian grain impacts, or chemical etching of the grain 
surface (Kuenen 1960, Bigarella and Salumuni 1962). Glennie (1970) 
reports that f r o s t i n g i s found on coastal dune sands and pe r i g l a c i a l 
dune sands too. These have very d i f f e r e n t climates from most hot des-
e r t s . However, Bigarella (1973b) states that f r o s t i n g i s normally absent 
from coastal dune sands. 
Chemical etching and diagenetic overgrowth can cause f r o s t i n g of 
grains: for instance, i n some Old Red Sandstone deposits (Chapters 4, 
5 and 6). Frosted aeolian grains could also be reworked short distances 
by f l u v i a l processes (Glennie 1970). 
A closer examination of grains i s now possible, due to the use of 
the scanning electron microscope (Biederman 1962, Krinsley and Doorn-
kampf 1973). 
Krinsley and Donahue (1968) and Krinsley and Doornkampf (1973) 
demonstrated that quartz grains from aeolian dunes are characterised 
by four microscopic surface features: (a) Most diagnostic are mechan-
i c a l l y formed, upturned plates; (b) dish-shaped concavities; (c) graded 
arcs; and (d) meandering ridges. 
'Upturned plates' are more common on sand grains from inland 
desert dunes than from temperate, l i t t o r a l dune sands (Krinsley, 
Fr nd and Klimentidis 1976). 
Fluvial grains i n contrast, have no common diagnostic surface tex-
tures, but have less v-shaped impact p i t s than grains i n beach and 
marine environments (Krinsley and Doomkampf 1973). 
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Ancient deposits 
Grain surface textures diagnostic of aeolian sand grains have been 
found in some ancient deposits, e.g. i n the Lower Trias of Central 
Poland (Gradzinski, Gagol and Slaczka 1979) and i n the lower Triassic 
Otter Sandstone Formation, South Devon (Krinsley, Friend and Klimenti-
dis 1976). They have also been used to prove some aeolian influence 
i n the Spanish Neogene (Cater 1984), 
However, some Mesozoic and possibly a l l Palaeozoic sandstones 
have diagenetic overgrowths that mask the o r i g i n a l grain surface tex-
tures, 
Fbrther problems with t h i s technique are: the small sample one can 
study; the complexity and cost of the techniques; and local reworking of 
sands from one environment to another might not be recognised. 
However, i t s main advantage may be for recognition of some aeolian 
reworking of a f l u v i a l environment, even i f no aeolian deposits are 
f i n a l l y preserved. 
f ) Composition and compositional maturity 
Modem deposits 
Although many recent dunefields are quartz-arenitic, some contain small 
quantities of feldspar or chert (McKee 1979a). 
Some coastal dunefields are composed pri n i a r i l y of biogenic carbo-
nate (McKee 1983, McKee and Ward 1983), Occasionally, the carbonate 
sand may be carried considerable distances inland, to supply a major 
dunefield, e.g. The Wahiba Sands, Oman (Glennie 1970), and the Thar 
desert (Wasson e t a l , 1983). 
Gypsum i s the major constituent i n some s a l t - f l a t dunefields, for 
instance. White Sands, U.S.A. (McKee 1966), and the s a l t lake systems 
of Western Australia (Bettenay 1962), 
Clay lunette dunes are composed of clay p e l l e t s , s i l t , sand and 
sometimes s a l t . Lunette dunes are non-migratory, low angle accretion-
ary forms fixed to the upjwind l i p of ephemeral lakes (Bettenay 1962, 
Bowler 1973). 
On the whole, the less physically resistant minerals are abraded 
and removed from the dune rapidly. However, s o f t , cleavable minerals 
can occur i n small quantities (Bigarella 1973b).. Mica i s reported to 
form r i c h concentrations on seme foresets i n dunes i n the Ranns of 
Kutch (Glennie 1970), 
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Heavy minerals may also occur i n small quantities (Bigarella 
1973). 
Ancient deposits 
Ancient sandstones believed to be aeolian are often quartz-arenitic; 
f o r instance, the Permian, Casper Formation, U.S.A. (Steidtmann 1974); 
the Pennsylvanian-Permian, Weber Sandstone Formation, U.S.A. (Fryberger 
1979); the Triassic, Lower Mottled Sandstone. England (Shotton 1937). 
However, feldspathic arenites are also common, such as the Cretaceous 
Barun Goyot Formation, Mongolia (Gradzinski and Jerzykiewicz 1974). 
The Jurassic, Todilto Sandstone Formation i n New Mexico is-a 
gypsum sand and i s believed to be aeolian (Tanner 1965). 
F i n a l l y , many Pleistocene, coastal dune deposits composed of car-
bonate are known (Mackenzie 1963, Ball 1967, McKee and Ward 1983). 
I t i s apparent from t h i s discussion that the composition of a 
deposit may be useful supporting evidence for recognition of a large-
scale aeolian deposit. Also, i f a large number of soft cleavable min-
erals are present i n a f l u v i a l deposit, a rapidly diminished quantity 
i n an adjacent, overlying, suspected aeolian deposit may be good sup-
porting evidence of aeolian transport having occurred. 
g) Light and heavy mineral separation r a t i o s 
Modem deposits 
Hand (1967) demonstrated that two grains with d i f f e r e n t densities, f a l -
l i n g with similar terminal v e l o c i t i e s i n a i r , w i l l not s e t t l e together 
when i n water. Experiinental work indicated that heavy minerals from 
marine beach and dune sands s e t t l e i n water more slowly than would 
normally be predicted by equivalence with the associated quartz. 
Therefore, Hand (1967) was able to separate beach and dune samples 
by p l o t t i n g the difference of the long-median s e t t l i n g v e l o c i t y of a 
heavy mineral and that of the associated quartz, against the log-median 
quartz velocity. 
Bigarella (1972) used t h i s technique and found i t the most effec-
t i v e method for discriminating aeolian g r a i n f a l l deposits from beach 
deposits. 
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Ancient deposits 
Steidtmann (1974) applied t h i s technique to the Casper Sandstone, 
Wyoning, and proved laminae to be due to aeolian g r a i n f a l l . 
The method, however, has several drawbacks; i n a fluvio-aeolian 
sequence, many units would have to be tested. Also, as the technique 
only works f o r aeolian g r a i n f a l l laminae, such laminae must be d i s t i n g -
uished from rippled or aeolian sandflow strata. 
h) (Cementation 
Modern deposits 
In Pleistocene and Holocene deposits i n Oman, f l u v i a l deposits i n wadi 
channels undergo rapid primary cementation by carbonate (Glennie 1970, 
p. 34). Glennie suggests that t h i s i s due to carbonate deposition at 
the air-water table interface. 
The author found tyre tracks preserved i n a well-indurated pebbly 
sandstone on the f l o o r of Wadi al Barka, west of Muscat i n Oman. This 
contrasted with aeolian dune deposits on the wadi flanks that remained 
f r i a b l e . 
Ancient deposits 
I n some ancient deposits, t h i s contrast between well-cemented f l u v i a l 
deposits and more f r i a b l e aeolian daposits remains. I t i s reported 
from the Mio-Pliocene of Egypt by Kessler (1978) and from the Triassic 
Buntsandstein i n (Germany (Mader 1982b, p. 22). However, th i s difference 
was not observed i n Devonian sequences studied (Chapters 4, 5 and 6). 
i ) Colour 
Ancient deposits 
Some published descriptions indicate ancient aeolian deposits to be 
r e l a t i v e l y l i g h t e r i n colour than associated f l u v i a l and lacustrine 
deposits (Mader 1982b., Home 1971, Clemmensen 1978). This may r e f l e c t 
differences i n primary sorting and composition. This would explain why 
in some instances, where f l u v i a l deposits are composed of very l o c a l l y 
reworked aeolian sand, the deposit has similar tone to adjacent aeolian 
deposits (see Chapters 4, 5 and 8). 
Therefore, although the r e l a t i v e colour and tone may be useful i n 
i n i t i a l l y locating possible aeolian deposits w i t h i n a mixed sequence, 
other c r i t e r i a must then be applied. 
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j ) The use of sedlxnentary structures as evidence 
As demonstrated at the beginning of t h i s chapter, the diagnostic s i g n i -
ficance of some sedimentary structures has been over-estimated by some 
workers. 
However, i n the past ten years, major advances have been made i n 
the understanding of aeolian, small-scale s t r a t i f i c a t i o n . These have 
considerable value f o r the recognition of aeolian deposits (Section 
3.2.n). 
Other advantages w i t h sedimentary structures, are that i n most 
cases, structures can be interpreted at outcrop. Also, sedimentary 
structures cannot be reworked (unlike t e x t u r a l c h a r a c t e r i s t i c s ) . 
However, there are some disadvantages. Some sedimentary structures 
may be too large t o be recognised i n small exposures or i n wells. 
Small scale s t r a t i f i c a t i o n can be useful because of i t s scale, but needs 
high qu a l i t y of exposure to be consistently i d e n t i f i e d (Section 3,2.n 
and CJiapter 4). 
k) Cross set size 
Modem deposits 
Even i n r e l a t i v e l y small, recent aeolian dunes that have been trenched 
through, sets are conmonly greater than one metre t h i c k (McKee 1966, 
Bigarella et a l . 1969, Bigarella 1972, Andrews 1981, Fryberger e t a l , 
1983). As f a r larger dunes e x i s t , t h e i r sets are l i k e l y to be propor-
tionately larger. Dunes i n many deserts reach 50 - 100 metres high 
(Breed et a l . 1979). 
In general, recent f l u v i a l dunes are smaller than most aeolian 
dunes. Most appear to be 0.5 to 2 metres high ( c f . Allen 1982, M i a l l 
1978). A f l u v i a l dune f i v e metres high i s probably unusually large. 
Such a dune would require roughly 15 - 30 metres water depth to form, 
(Allen 1982, Vol. 1, Table 8.20). However, sandwaves of up to f i f t e e n 
metres high are reported from the Brahmaputra River by Coleman (1969), 
Sandy f l u v i a l sets up to eight metres thick were observed i n the Brazos 
River, Texas, by Pryor (1971). 
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Ancient deposits 
Ancient deposits believed to be aeolian, often contain very t h i c k sets. 
For instance, sets up to 27 metres thick occur i n the Devonian, Kilmurry 
Sandstone Formation, Eire (Chapter 4 ) . Similar thickness sets occur 
i n the Navajo Sandstone, U.S.A. (McKee 1979c). 
However, i n some sequences, a l l the sets believed to be aeolian 
are 0.5 to 2 metres thi c k . For instance, the Portishead Group, Forma-
tions C and G, B r i s t o l (Pick 1964)(CHiapter 6). 
Many ancient, sandstone cross sets believed to be of f l u v i a l o r i g i n 
are one metre or less i n thickness (see M i a l l 1978, Cant and Walker 
1976, Long 1978, McKee 1962, Bluck 1980). 
However, sets 10 - 40 metres thick i n coarse pebbly sandstone are 
known from the Upper Carboniferous of northern England (McCabe 1977, 
Collinsonl978a). These are believed to be the deposits of large, down-
stream-mi^ating f l u v i a l bars, attached to alternate sides of a delta 
top channel (McCabe 1977). S i m i l a r l y , the Triassic Hawkesbury sand-
stone, Australia, contains cross-sets up to eight metres th i c k , believed 
to be the deposits of large transverse f l u v i a l bedforms (Jones and Rust 
1983). 
Large cross-sets believed to be ancient f l u v i a l point bar deposits 
are also known (Nami and Leeder 1978). However, these may be more 
easily recognised as of f l u v i a l o r i g i n , as they are generally more poor-
l y sorted and f i n e upwards more markedly. 
In conclusion, the main overlap between f l u v i a l and aeolian set 
thicknesses occurs between 1-1.5 metres. As demonstrated, moderate-
l y to well sorted f l u v i a l sandstone sets are commonly thinner and 
aeolian sandstone sets commonly thicker than t h i s threshold value. 
1) Cross set dip and shape 
Modem deposits 
The maximum angle of repose of dry, fine-medium-grained quartz sand 
appears t o be 32 - 34° (31 - 33°, Beadnell 1910; 32 - 33.5° Kadar 1934; 
32.5°, Shotton 1937; 34°, Bagnoldl941). 
However, i f a dune surface i s moistened, t h i s angle can increase 
to 45°, as on Mustang Island, Texas (McBride and Hayes 1962), Carbonate 
and gypsum sand dunes may also be able to r e t a i n steeper slipfaces, 
due to moistening or immediate, l i g j i t cementation associated w i t h such 
moistening (Mackenzie 1963, Hoque 1975). 
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But not a l l dunes reach the angle of repose, as shown by McKee 
(1966) i n dome dunes t h a t were trenched at White Sands, U.S.A. Also, 
non-migratory clay-lunette dunes have up and down-wind dips that r a r e l y 
exceed l(f (Bowler 1973). 
Allen (1982, Vol. 1, p. 328) states that f l u v i a l dune lee slopes 
dip at 30 - 35 generally (see also C^nt 1982). However, i t i s appar-' 
ent that some, more flat-topped bars may have steeper slipfaces (see 
Collinson 1978a, p. 50). 
As i t i s possible that there may be much overlap i n maximum fore-
set dip between aeolian and f l u v i a l deposits, cross set shape i s also 
important. 
Most aeolian cross-beds have f a i r l y long asymptotic toes (McKee 
1966, 1979b), however, many f l u v i a l cross-sets maintain a constant dip 
angle from toe upwards ( c f . Cant 1982, Figs 26, 36, 39). 
Ancient deposits 
.As ancient deposits are compacted, dip arigles of foresets may have de-
creased. However, t h i s reduction i n f i n e to medium sandstones appears 
to be only 1 - 3° (Shotton 1956, Glennie 1970). 
Also, even i f foresets reached the maximum angle of repose, they 
may frequently be truncated below that angle (Shotton 1937). For 
instance, the average maximum dip f o r foresets i n aeolian sets i n the 
Precambrian, Waterberg Supergroup, S. Af r i c a , i s only 19° (Meinster and 
Ti c k e l l 1976). 
However, the same contrasting shapes of f l u v i a l and aeolian fore-
sets can be observed i n ancient deposits ( f o r ancient aeolian examples, 
see McKee 1979c, and fo r ancient f l u v i a l deposits, see Cant 1982, Figs 
27, 40). 
I t i s apparent that although i n many cases there are differences 
i n the maximum angle and shape of aeolian and f l u v i a l foresets, these 
c r i t e r i a must be applied w i t h care. 
A useful measure i s to p l o t set thickness against maximum foreset 
dip w i t h i n the set. I n t h i s way, the value of both c r i t e r i a are en-
hanced. This also allows a 'fi n g e r p r i n t ' of an entire succession, 
believed f l u v i a l or aeolian. This method can also demonstrate subtle 
sedimentary trends that are often l o s t i n sections recorded through a 
succession (see Chapters 4, 5, 6). 
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m) Foreset laminae: t h e i r extensiveness and discreteness 
Modem deposits 
The laminae i n the steeper parts of aeolian foresets are often w e l l -
defined due to sharp contrasts i n maximum grain size between the laminae 
(Glennie 1970). Each lamina i s often of consistent thickness and may 
have considerable downdip extent (McKee 1966). 
Most sandy f l u v i a l cross-sets contain foreset laminae which are 
i n d i v i d u a l l y more variable i n downdip thickness and extent. These 
frequently have less sharp maximum grain-size contrasts between laminae. 
However, i n some sandy planar cross-sets the laminae can appear 
to be almost as sharply defined as a^zoUoM foreset laminae ( c f , Cant 
1982, Figs 26, 36). 
Ancient deposits 
Very well-defined foreset laminae have been described from v i r t u a l l y 
a l l ancient deposits believed to be aeolian (Wright 1956, Glennie 1970, 
Home 1971, McKee 1979c). 
Ancient f l u v i a l foresets do appear to contain less well-defined 
laminae, which are also less extensive and more inconstant i n thickness 
(Glennie 1970)(Chapters 4, 5, 6, 8). 
n) Small-scale s t r a t i f i c a t i o n 
Modem deposits 
This term (from Cleimiensen and Abrahamsen 1983) i s modified from 'strata' 
(Hunter 1977). I t describes 'the thinnest types of sedimentary layer-
ing' found w i t h i n aeolian deposits (Hunter 1977). These occur i n sand 
dunes or sand sheets. 
The types of small-scale s t r a t i f i c a t i o n are discussed i n more 
d e t a i l i n subsequent chapters (4, 5), Here, t h e i r value f o r recognising 
aeolian from f l u v i a l deposits i s emphasized. 
Experimental work by Hunter (1976, 1977) and Fryberger and Schenk 
(1981) has proven that aeolian ripples coarsen to thaVcrests Hence 
they leave inversely-graded small-scale strata i f they climb t h e i r pre-
decessor wh i l s t migrating ( c f . Kocurek and Dott 1981). 
Fluvial ripples generally f i n e upwards to the crest, and therefore 
preserve, fining-upwards laminae, i n a similar manner to that described 
above (H^jnter 1977)(Kocurek and Dott 1981 Fig. 3), 
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Further, the foreset laminae are rarely v i s i b l e w i t h i n a small-
scale stratum produced by aeolian r i p p l e s , unlike those produced by 
f l u v i a l ripples (Mueller 1969, Hunter 1977). 
Sand avalanches down^^oresets may produce f a i n t l y inversely-graded 
laminae i n both aeolian and f l u v i a l environments (aeolian - McKee i n 
Ahlbrandt and Fryberger 1982; sub-aqueous - Allen and Narayan 1964, 
Allen 1982, Vol. 2, p. 154). 
These sandflow laminae are recognisable from aeolian ripple-formed 
laminae by: the sandflow*s lens-shape i n views down the foreset, by 
th e i r wedge-out on the foreset toe and t h e i r r e l a t i v e coarseness (McKee 
1979b, McKee i n Ahlbrandt and Fryberger 1982, Hunter 1977, Kocurek and 
Dott 1981). 
The contrast between sandflow laminae and other forms of laminae 
appears t o be less s t r i k i n g i n most sandy f l u v i a l sets. 
A few aeolian laminae formed by grains s e t t l i n g from suspension 
onto the foreset may also be inversely graded. This i s due to a wind 
gust increasing i n energy and therefore able to transport coarser grains 
(Fryberger and Schenk 1981). However, the vast majority of sandfall 
laminae are normally-graded (Fryberger and Schenk 1981). 
Ancient deposits 
The strata most diagnostic of aeolian deposition are the r i p p l e formed, 
inversely-graded u n i t s . As the o f t - r i p p l e d , lower foreset i s the part 
of an aeolian dune most often preserved i n ancient deposits, r i p p l e -
formed laminae may often be common (Hunter 1977, 1981, Kocurek and Dott 
1981, Clerrmensen and Abrahamsen 1983). I n contrast, the laminae on the 
lower flanks of ancient cross-sets believed to be of f l u v i a l o r i g i n are 
ungraded or normally-graded (see Chapters 4, 5, 6, 8). 
Simi l a r l y , sandflow laminae i n ancient deposits believed t o be 
aeolian appear more d i s t i n c t than possible sandflow laminae i n sequences 
believed to be f l u v i a l ( c f . Cleramensen and Abrahamsen 1983, Cant 1982 
Figs 27, 40)(see also Chapters 4, 5). 
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o) Ripple index 
Modem deposits 
Tanner (1966) demonstrated that the r i p p l e index (length:height) of wave 
or water current ripples i s generally 15 or less. I n contrast, wind 
ripples and beach backwash ripples have r i p p l e indices of 17 or greater. 
In f i n e to medium sand. Tanner believed t h i s to be e f f e c t i v e with 99% 
confidence. 
Ancient deposits 
Aeolian ripples are recognised i n many ancient deposits believed aeolian 
(Walker and Harms 1972, McKee 1979cXsee also CHiapter 4). However, 
aeolian ripples may be very hard to recognise unless individual foreset 
surfaces are exposed. 
p) Soft sediront deformation features 
Modern deposits 
A variety of soft-sediment deformation structures are associated w i t h 
modem aeolian dunes. Slumps and slides of dune sand down slipfaces 
can cause the following deformation features: minor shear planes, con-
tortions or brecciation, stretched laminae, flame structures, and 
patches of i n d i s t i n c t lamination (McKee, Douglas and Rittenhouse 1971, 
Bigarella 1979, Fig. 81). 
L i t t l e i s known of such features i n f l u v i a l bedforms. However, 
some features, such as brecciation of sediment on the slipface, are 
less l i k e l y i n f l u v i a l deposits. S u f f i c i e n t cohesion to allow breccia-
t i o n of the sediment i s u n l i k e l y i n a deposit that can be t o t a l l y sat-
urated for long periods. 
Ancient deposits 
The soft-sediiient deformation structures described above have been rec-
ognised i n ancient deposits believed to be aeolian dune deposits. For 
instance, the Coconino Sandstone Formation, U.S.A. (McKee 1945, 1979c). 
However, i n other'deposits, they appear to be very rare (Chapters 4, 5, 
6, 8). 
Large, s o f t sediment deformation structures, such as convolutions 
and tepee structures, are known from ancient deposits believed t o be 
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both f l u v i a l and aeplian (aeolian deposits - Gradzinski and Jerzykiew-
icz 1974, Horowitz 1982; f l u v i a l deposits - Selley et a l . 1963, Selley 
1969). 
Large scale soft-sediment deformation structures should therefore 
not be used as evidence at present. 
q) Rainprints 
Modem deposits 
Rainprints are often seen on aeolian dune faces (see Walker and Harms 
1972), and may be useful, i f rare evidence of sub-aerial exposure of 
deposits. However, they may also form on exposed f l u v i a l dune or bar 
foresets. 
Ancient deposits 
Supposed r a i n p r i n t s are recorded from many ancient deposits believed 
aeolian. The De Chelly and Coconino Sandstone Formations (McKee 1979c) 
and the Lyons Sandstone, Colorado (Walker and Harms 1972). Possible 
r a i n p r i n t s occur i n the believed aeolian deposits of the Kilmurry Forma-
t i o n (CJiapter 4 ) . However, these are i n some places confused with 
burrow tops. 
The author knows of no recorded cases of r a i n p r i n t s on the fore-
sets of ancient f l u v i a l dunes. 
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r ) Evidence from foSsils and biogenic structures 
Body f o s s i l s and casts appear to be rare or absent, i n many ancient 
f l u v i a l and aeolian sandstones. Therefore, they are not generally used 
for discrimination between deposits of the two environments. 
Trace f o s s i l s are f a r more widespread, i n both f l u v i a l and aeolian 
deposits. 
1) Tracks - Occasionally tracks are conmon i n an ancient deposit 
believed to be aeolian; f o r Instance, the Coconino Sandstone, U.S.A. 
(Relche) 1938). 
McKee (1944) conducted a series of experiments that demonstrated to 
his s a t i s f a c t i o n that r e p t i l e tracks on dune slipfaces which l e f t toe 
p r i n t s could only occur i f the sand was dry. He also showed such tracks 
to be present i n the Coconino Sandstone. However, similar tests con-
ducted by Brand (1979) suggested that the tracks i n dry sand were the 
least clear. 
No reports are known of biped or quadruped tracks on ancient fore-
sets believed f l u v i a l . Therefore, when present on foresets, such 
tracks may be strong supporting evidence f o r the deposit's aeolian o r i -
gin. 
l i ) T r a i l s - T r a i l s may be common In ancient cross-bedded deposits 
believed to be of aeolian o r i g i n ((Chapter 4). However, t r a i l s are gen-
e r a l l y only recognised I f foreset surfaces are exposed. 
Several of the most important Ichnogenera have crudely similar 
counterparts i n ancient f l u v i a l deposits. 
Therefore, at present the use of t r a i l s as evidence must be 
cautious. However, the foresets i n some sandstone formations believed 
to be aeolian are very r i c h i n t r a i l s (the Casper Formation, U.S.A. -
Hanley, Steidtmann and Toots 1971)(see Chapter 4). 
i l l ) Burrows - Burrows are reported frcm modem and ancient aeolian 
deposits (Ahlbrandt, Andrews and Qrfynne 1978, Clemmensen and Abrahamsen 
1983, Ekdale and Picard 1985), Howevei; at present, too l i t t l e i s 
known of them, f o r use as c r i t e r i a f o r the recognition of aeolian 
deposits. 
However, some ancient Ichnospecles can be used f o r recognition of 
f l u v i a l frcxn aeolian deposits. For instance, Beaconltes b a r a t t l . has 
many reported occurrences i n Palaeozoic f l u v i a l deposits, but never i n 
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associated deposits believed to be aeolian (Pollard 1976, Allen and 
Williams 1981). This contrast i s p a r t i c u l a r l y s t r i k i n g i n the Caherbla 
Group (Chapter 4^ 0. 
i v ) Root molds (Dikaka) - At present, plants colonise both f l u v i a l 
and aeolian environments, wherever water i s shallow, or periods.of sub-
aer i a l exposure occur. Vegetated bars can be observed i n many r i v e r s . 
For instance, i n the Cimarron River, Texas (Schumm and Lichty 1963). 
Glennie and Evamy (1968) and Klappa (1980) l i s t features f o r recog-
n i t i o n of root-molds from burrows. 
Once again, presence of root-molds or bioturbation by vegetation 
should only be used as subsidiary evidence f o r an aeolian o r i g i n f o r a 
deposit. 
s) Palaeocurrent evidence 
Palaeocurrent evidence i s often not included i n l i s t s of c r i t e r i a f o r 
the recognition of aeolian from f l u v i a l deposits. However, as demonstr-
ated i n Chapter two, f l u v i a l palaeocurrent indicators are comiionly per-
pendicular or opposed to the estimated aeolian sand resultant d r i f t 
d i r e c t i o n ( t h i s estimate can be based upon the mean or modal, foreset 
dip d i r e c t i o n i n the cases of transverse or barchanoid dune deposits). 
This i s an important piece of evidence i n a l l the succeeding case-
studies (Chapters 4, 5, 6, 8), 
t ) Features whose general absence supports an aeolian in t e r p r e t a t i o n 
Pebbles generally indicate that a deposit i s not aeolian, although a 
few exceptions do occur, f o r instance, where aeolian dunes l i e i n a 
channel (Glennie 1970 p. 41). 
Further, at the southern margin of the mountains i n Oman, aeolian 
dunes abut the mountain f r o n t . Scree i s p e r i o d i c a l l y buried as sheets 
w i t h i n the aeolian sand (author's observation)(see fro n t i s p i e c e ) ; 
Similarly, clay flakes over a few millimetres long are generally 
absent from aeolian dune sands, except i n the cases discussed above. 
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u) Summary of c r i t e r i a f o r recognition of aeolian dune deposits 
The most r e l i a b l e individual c r i t e r i o n f o r recognition of ancient aeoli-
an cross-bedded deposits i s ripples with high form index, together 
with t h e i r generally inversely-graded small scale strata. 
Foresets composed of these laminae, together w i t h coarser, thick-
er sandflow laminae and normally graded g r a i n f a l l laminae appear to be 
uniquely aeolian ( c f . Hunter 1981). 
Set thickness, of over 1-1.5 metres, and maximum dips around 32*^  
can also be strong evidence of aeolian deposition, 
Aeolian dune deposits are often moderately to well sorted with 
l i t t l e primary clay. However, exceptions occur, p a r t i c u l a r l y on the 
margins of dunefields where dunes are sourced by local f l u v i a l deposits. 
Many te x t u r a l features, such as sorting, grain shape and grain 
surface texture, may be reworked l o c a l l y from environment to environ-
ment. This may occur p a r t i c u l a r l y i n areas of fluvio-aeolian i n t e r -
actions. 
Lack of pebbles and r a r i t y of clay in t r a c l a s t s larger than a few 
millimetres, are often useful negative evidence. However, rare excep-
tions do occur, p a r t i c u l a r l y when an aeolian deposit l i e s i n a channel. 
F i n a l l y , the c r i t e r i a used f o r recognition of aeolian from f l u v i a l 
deposits may vary between sequences and exposures. This i s dependent 
upon the qual i t y of preservation and exposure. 
The c r i t e r i a used i n each of the subsequent studies (Chapters 4, 
5, 6, 8) are l i s t e d i n Table 3. 
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Table 1 C r i t e r i a for Recognition of Aeolian Cross-Sets 
Features whose presence suggests an aeolian o r i g i n f o r the deposit 
At exposure 
(a) High Significance 
Inversely graded laminae on foresets 
High r i p p l e index ripples on foresets 
(b) Moderate Significance 
Large cross-set thickness 
Foreset dip 32*^  maximum i f s i l i c i c l a s t i c (some exceptions 
in coastal dunes) 
Improved sorting compared to adjacent suspected f l u v i a l 
deposits 
Deposits frequently well to very well sorted 
Sparsity of clay and s i l t 
Sharply defined, extensive laminae 
(Contrast i n palaeocurrent di r e c t i o n between suspected 
f l u v i a l and aeolian deposits 
Raindrop or hailstone p r i n t s 
Fine or medium-grained sand (mean or modal diameter) 
Trace f o s s i l s - r e p t i l e tracks, possibly some invertebrate 
t r a i l s and burrows 
(c) Some Significance 
Rock colour often l i g h t e r than adjacent or interbedded, 
f l u v i a l deposits 
Weaker cementation than adjacent or interbedded, suspected 
f l u v i a l deposits 
Mica frequently rare, although may occasionally be abundant 
i f deposit was upwind, but close to a f l u v i a l source 
Features whose absence may support an interpretation for an aeolian 
o r i g i n to a deposit 
Lack of mudstone in t r a c l a s t s or pebbles over a few millimetres 
Lack of a freshwater or marine fauna 
Laboratory techniques for recognition of an aeolian deposit 
(a) High significance 
Heavy and l i g h t mineral separation r a t i o s 
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(b) Moderate Significance 
Improved grain sphericity and roundness when compared to 
adjacent, suspected f l u v i a l depesits 
Grain surface textural studies 
Graphical measures using sorting values 
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T a b l e 2 C r i t e r i a f o r Recognition of F l u v i a l C r o s s - S e t s 
At exposure 
a ) High to Moderate s i g n i f i c a n c e 
F r e q u e n t l y poorer s o r t e d sands w i t h d e t r i t a l c l a y . 
F r e q u e n t l y i n t i m a t e l y a s s o c i a t e d w i t h subaqueous c u r r e n t 
r i p p l e s 
Pebbles and Mudstone i n t r a c l a s t s l a r g e r than a few 
m i l l i m e t r e s may occur 
Mudstone laminae may be common 
Evidence of c h a n n e l l i n g (although a e o l i a n dunes may 
sometimes f i l l c h a n n e l s ) 
Occurence w i t h i n c e n t r e of f l u v i a l c y c l e s 
C o n t r a s t i n p a l a e o c u r r e n t d i r e c t i o n between suspected 
f l u v i a l and a e o l i a n d e p o s i t s 
Occurence of a f l u v i a l fauna 
Occurence of f l u v i a l t r a c e f o s s i l s 
b) Some s i g n i f i c a n c e 
Rock c o l o u r o f t e n darker than a d j a c e n t or interbedded 
a e o l i a n d e p o s i t s 
Stronger cementation than a d j a c e n t o r interbedded a e o l i a n 
d e p o s i t s 
C r o s s - s e t and trough width f r e q u e n t l y f a r s m a l l e r than 
those i n a d j a c e n t or interbedded a e o l i a n d e p o s i t s 
Laboratory techniques for r e c o g n i t i o n of a f l u v i a l d e p o s i t 
Moderate s i g n i f i c a n c e 
Decreased g r a i n s p h e r i c i t y and roundness when compared to 
a d j a c e n t a e o l i a n d e p o s i t s , ( u n l e s s f l u v i a l l y reworked 
a e o l i a n m a t e r i a l 
G r a p h i c a l measures u s i n g s o r t i n g v a l u e s 
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3.3 C r i t e r i a f o r recognition of aeolian sand sheets (including t±ose i n 
dry interdune areas), from f l u v i a l sand sheets 
Aeolian sheet sands have been defined i n a v a r i e t y of ways by d i f f e r i n g 
workers (Bagnold 1941, Glennie 1970, Fryberger, Ahlbrandt and Andrews 
1979). However, here, a l l hori z o n t a l l y bedded sands deposited by 
aeolian processes are included w i t h i n the term. Therefore, the sand 
sheets may occur i n interdune areas, dunefield margins, or unassociated 
with dunes (see Glennie 1970). 
These sands may have a bimodal g r a i n size d i s t r i b u t i o n (Warren 
1971), or a unimodal grain size d i s t r i b u t i o n , with or without a protec-
t i v e layer of coarse grains ( c f . Bagnold 19A1, Glennie 1970). 
The sand sheets w i t h bimodal grain-size d i s t r i b u t i o n are cannon 
throughout the deserts of the world (Glennie 1970, McKee 1979). 
In 1958, Verlaque explained the bimodality of the grain-size d i s -
t r i b u t i o n i n barchan dune horns i n the following way. The coarse grains 
remained i n the horns as a winnowed lag, and f i n e grains were trapped 
i n t h e i r i n t e r s t i c e s . Intermediate sized grains were too large t o trap 
i n the i n t e r s t i c e s between coarse grains and were therefore transported 
downwind, where they supplied other dunes. Warren (1971) subsequently 
used t h i s theory to explain dry interdune deposits w i t h a bimodal grain 
size d i s t r i b u t i o n . 
Glennie (1970) explained the aeolian sheet sands with a unimodal 
grain size d i s t r i b u t i o n , as aeolian plane beds. He suggested that 
these formed at high wind speeds (at which speed ripples could not e x i s t ) 
and w i t h high rates of sand deposition (see Bagnold 1941, pp. 151-153). 
Both types of aeolian sheetsand may be interbedded with f l u v i a l 
sheetsands on a scale of centimetres (Glennie 1970 pp 39-56). However, 
the aeolian deposits may be recognised by the following: Presence of 
high index r i p p l e s ; presence of inversely-graded laminae due to climb-
ing r ipple migration; sharply defined and extensive laminae; g r a i n f a l l 
laminae forming gentle convex-upvrards structures; adhesion structures 
and r a i n and hailstone p r i n t s ; primary clay i s often sparse; vegetated 
sand sheets may preserve root casts and burrows. For more comprehensive 
discussions, see Glennie (1970) and Ahlbrandt and Fryberger (1982). 
Ancient aeolian sheetsands appear rare i n the stratigraphic 
record, and are even rarely interbedded with cross-sets believed to be 
aeolian dune deposits (McKee 1979c). 
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The thinness and low r e l i e f of aeolian sheetsand deposits may 
mitigate against t h e i r preservation outside dunefields. 
Fluvial sheetsands may be distinguished from aeolian by the pres-
ence of the following features: F l u v i a l , low index current r i p p l e s ; 
wave ripp l e s ; generally, less sharply defined laminae; presence of 
massive beds; presence of entire beds that f i n e upwards; clay drapes 
may be comnon; more primary clay may be present w i t h i n the sand; large 
clay i n t r a c l a s t s may occur; pebbles may be comnon; dessication cracks 
and sand dykes may occur; freshwater or brackish fauna and th e i r traces 
may be preserved; bioturbation caused by vegetation may also occiir. 
A l l these features have been reported from ancient deposits be-
lieved to be f l u v i a l sheetsands (Glennie 1970, 1972, Tunbridge 1981, 
I-Iader 1982a, b ) . 
3.4 Features f o r the recognition of f l u v i a l from other moist-wet i n t e r -
dune deposits 
I t was demonstrated i n Chapter 2 that channels may run through i n t e r -
dune areas, therefore the differences between f l u v i a l deposits and inter-
dune sabkhas, swamps and ponds must be discussed. 
These moist-wet, non-fluvial interdune deposits may be divided i n -
to four main types. 
1) Deposits of moist, sometimes vegetated or swampy interdune areas. 
2) Deposits of ponds and lakes without evaporites. 
3) Deposits of carbonate ponds and lakes. 
4) Deposits of sabkhas. 
A l l four of these types may be extensive, and i n some cases, sever-
al may occur i n a single interdune area together with dry interdiane 
deposits (Kocurek 1981, Hummel and Kocurek 1984)(Chapter 5). 
In coastal aeolian deposits, interdune-dune sequences may a l t e r -
nate less regularly, due t o : the source-bordering nature of the f i e l d , 
seasonal prevailing wind changes, seasonal storm or t i d a l flooding, and 
complexity of dune shape (Hummel and Kocurek 1984). This complex of 
interdune deposits i s often preserved, due to the greater resistance of 
interdtine muds to aeolian d e f l a t i o n (Hummel and Kocurek 1984). 
a) Moist, sometijiies vegetated - swampy interdune deposits 
These may s t i l l be c h i e f l y sandy, and may be interbedded w i t h , or 
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adjacent to dry aeolian sheetsand deposits. The main differences are: 
that the moist sand deposits may be conpDsed of adhesion structures 
(Glennie 1972). In more vegetated interdune areas, more mud, organic 
debris, s o i l horizons, dissipation structures and bioturbation may a l l 
be present (Bigarella 1979). 
b) Deposits of ponds and lakes without evaporites 
These are often associated with vegetated interdune deposits (Bigarella 
1979). The deposits generally contain more mud and s i l t , a similar 
quantity or s l i g h t l y less bioturbation, wave and current r i p p l e s , some-
times fenestral gas c a v i t i e s , and possibly marginal adhesion structures 
and dessication cracks (Bigarella 1979, Ahlbrandt and Fryberger 1981, 
Hummel and Kocurek 198A). 
Small, sand fans may form at dune toes, draining dune runoff during 
exceptionally heavy rainstorms (Bigarella 1979, Hummel and Kocurek 
198A). 
Most of these features were recorded i n believed interdune deposits 
i n the Cretaceous, Barun Goyot Formation, Mongolia (Gradzinski and 
Jerzykiewicz 1974). A well preserved fauna was found i n association 
with these waterlain deposits. 
Interdune ponds and lakes may at times be f i l l e d by groundwater 
seepage or dunefield runoff and at other times be f i l l e d by f l u v i a l 
flooding (see Chapter 2). Therefore, i t can be very d i f f i c u l t to d i s -
tinguish the two types of deposit. 
The interdune pond or lake deposits due to groundwater seepage or 
local dunefield runoff may be interbedded more regularly and be of more 
regular thickness than interdune deposits caused by f l u v i a l flooding. 
Also, i f these ponds were forced to migrate w i t h the dunes, they may 
leave a tabular, gently climbing deposit which i s generally composed of 
a single drying-upwards cycle (see Kocurek 1981)(Chapter 5). 
c) Carbonate pond deposits 
These generally have similar features to non-evaporitic pond or lacust-
rine deposits. However, they may contain less evidence of current 
a c t i v i t y . These deposits may contain more algal mat structures and fen-
e s t r a l gas cavities ( c f . Kocurek 1981, Hummel and Kocurek 198A). The 
algal mats may have formed mud and s i l t - f l a k e breccias upon dessication 
(Hummel and Kocurek 1984). 
Evaporite c r y s t a l l i s a t i o n and r e c r y s t a l l i s a t i o n w i t h i n the sedi-
ment may have destroyed most or a l l sedimentary structures (Evans et a l . 
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1969), 
Ancient deposits believed to be carbonate interdune ponds are .: 
recognised i n the Casper Formation, U.S.A. (Hanley and Steidtmann 1973). 
These deposits show many of the features described from modern deposits 
by Ahlbrandt and Fryberger (1980) and Kocurek (1981). 
d) Sabkha interdune deposits 
These may be related to dry, moist and carbonate pond interdune depos-
i t s . Sabkhas are r e l a t i v e l y common interdune deposits although f a r 
rarer than dry interdune deposits ( c f . Glennie 1970). 
Cbastal sabkhas of the Persian Gulf were studied by Kinsman (1969) 
and Evans et a l . (1969). These were severely disrupted by evaporite 
c r y s t a l l i s a t i o n , or r e c r y s t a l l i s a t i o n w i t h i n the sediment v i r t u a l l y iinn-
ediately below the wind and adhesion-rippled surface. 
However, i n some instances, s a l t ridges and dessication cracks 
remain recognisable (Fryberger e t a l . 1983). Some organic debris and 
burrows may also survive the i n i t i a l evaporite c r y s t a l l i s a t i o n events 
(Ahlbrandt and Fryberger 1981 p. 307). 
I t may be impossible to t e l l i f an interdune sabkha deposit was 
caused by periodic f l u v i a l flooding, unless increased f l u v i a l influences 
can be seen i n adjacent deposits. 
The Tensleep Sandstone (Penns-Permian), U.S.A., contains believed 
sabkha interdune deposits with the features described above (Lupe and 
Ahlbrandt 1979). S i m i l a r l y , Permian Rotliegendes deposits i n the 
Southern North Sea share these features (Nagtegaal 1973). 
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Table 3 C r i t e r i a found e f f e c t i v e f o r the recognition of aeolian from 
f l u v i a l deposits i n sequences studied 
The C:aherbla Group, S.W. Eire (Middle or Upper Devonian ?) 
Wind-ripple lamination 
Aeolian ripples 
Sandflow ripples 
Relatively good sorting/lack of clay 
Set thickness + foreset dip 
Palaeocurrent contrast to f l u v i a l 
palaeocurrents 
Lack of mudstone in t r a c l a s t s 
Lack of pebbles 
Lack of f o s s i l s 
Lack of Beaconites b a r a t t i burrows 
(moderately common) 
(rare) 
(rare) 
(common). 
(common) 
(common) 
The Pointagare Groxjp, S.W. Eire (Middle or Upper Devonian ?) 
Relatively good sorting (less clay/ 
colour 
Set thickness and foreset dip 
Palaeocurrent contrast to f l u v i a l 
palaeocurrents 
Sand flow laminae 
Wind-ripple lamination 
Lack of clay i n t r a c l a s t s 
Lack of pebbles 
Lack of f o s s i l s 
(common) 
(common) 
(throughout) 
(rare) 
(rare) 
The Portishead Group, B r i s t o l , England (Upper Devonian) 
Relatively good sorting/lack of clay/ 
colour 
Set thickness + foreset dip 
Persistent stacking of sets 
Palaeocurrent contrast to f l u v i a l 
palaeocurrents 
Lack of clay i n t r a c l a s t s 
Lack of pebbles 
Lack of f o s s i l s 
(common) 
(common) 
(throughout) 
(throughout) 
The Dawlish Sandstone Formation, S. Devon, England (Permian) 
Relatively well sorted (less c l a y ) / 
colour 
Set thickness + foreset d ip 
Recognition of aeolian small-scale strata 
Palaeocurrent contrast with f l u v i a l 
palaeocurrents 
Lack of clay i n t r a c l a s t s 
Lack of pebbles 
Lack of f o s s i l s 
(conmon) 
(moderately comnon) 
(unconmon) 
(common) 
(common) 
(common) 
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CHAFmi 4 
THE DEVONIAI'l CAHERBLA OlOUP, DINGLE, SOUTHWEST EIRE 
4.1 The Introduction 
The Dingle Peninsula was f i r s t mapped geologically i n the mid-nineteenth 
century by the I r i s h (Geological Survey (Jukes and Foot 1859, Jukes and 
Du Noyer 1861, 1863). These workers recognised that the Devonian, 
Old Red Sandstone rested unconformably upon the older S i l u r i a n (and 
Lower Devonian?) Dingle Beds: 
The Old Red Sandstone was further studied and divided i n t o a series 
of Formations by Capewell (1951, 1965). 
Raiph Horne (1974) recognised that the deposits he named the 
Caherbla Group lay unconformably above the Dingle Group, but also un-
conformably below the Upper Old Red Sandstone (Figs 17, 18). 
The age of the Caherbla Group i s not known and can only be e s t i -
mated from i t s stratigraphic position. 
The underlying Dingle Group conformably overlies lower Ludlovian 
marine deposits. Therefore the Dingle Group i s believed to extend 
from the upper Ludlovian i n t o the Lower Devonian ( c f . Horne 1976, Allen 
1979, Holland 1981)(Fig. 18). 
Above the Caherbla Group l i e s the unfossiliferous. Upper O.R.S., 
Glengarrif Harbour Group. However, these are conformably overlain by 
Tournaisean (Lower Carboniferous) marine limestones.. . Therefore, the 
Glengarrif Harbour Group i s believed to be Upper Devonian (Fig. 18). 
There i s a steep angular unconformity between the Dingle Group 
and the overlying Caherbla Group. This unconformity i s believed to re-
present much of the regional deformation and u p l i f t that occurred i n 
the southern B r i t i s h Isles during the Middle Devonian ( c f . Allen 1979, 
Holland 1981). This narrows the possible stratigraphic position f o r 
the Caherbla Group to Upper Middle to Lower Upper Old Red Sandstone. 
A second piece of evidence f o r the age of the Caherbla Group comes 
from the Iveragh Peninsula, immediately south of the Dingle Peninsula. 
There, the oldest O.R.S. deposits are dated as uppermost Middle Devon-
ian (Givetian-Frasnian boundary) based upon f i s h f o s s i l s (Russell 1978). 
The O.R.S. deposits on Iveragh bear l i t t l e resemblance to the 
Caherbla Group ( c f . Capewell 1975). Therefore i t i s probable that the 
Caherbla Group was deposited before any of the O.R.S. deposits on the 
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Iveragh peninsula. 
One can conclude that the Caherbla Group i s most l i k e l y to be part 
of the middle-upper ydddle Old Red Sandstone ( c f . Home 1976, Fig. 28). 
4.2 
The Caherbla Group was also divided i n t o two Formations by Horne (1974) 
(Fig. 18). The following paragraphs are a summary of h i s findings 
(Home 1970, 1971, 1974, 1975, 1976). 
The Inch Conglomerate Formation (Fig. 18) i s a coarse to moderate 
breccia-conglomerate, composed c h i e f l y of metamorphic clasts. The 
deposits are poorly sorted and frequently form sheets or t h i n lenses. 
Occasional sandy units w i t h trough cross-sets also occur. 
The Formation i s interpreted as an a l l u v i a l fan deposit (Horne 
1975, 1976). Horne (1975) recognised widespread Imbrication of clasts 
indicating that flow had been from SSE to NNW. Previous workers had 
believed flow to have been from north to south, i n keeping with Upper 
O.R.S. regional palaeocurrents (Capewell 1951, 1965). 
Horne (1975, 1976) believed that the flow had been to the NNW be-
cause of a.local f a u l t scarp that lay along Dingle Bay to the south of 
the peninsula, which shed sediment northwards i n fans. 
The Kilmurry Formation has been demonstrated to be p a r t l y the 
l a t e r a l equivalent of the Inch Ck^nglomerate Formation, and also to part-
l y overlie i t (Horne 1975). 
The Formation i s composed predominantly of quartz arenites and 
sub-litharenites, w i t h uncommon mudstones. The sandstones may be d i v i -
ded in t o two broad types: 
a) Very well sorted sandstones. These form thick cross-sets with a 
unimodal foreset dip d i r e c t i o n and occasionally other dip directions 
These contain sharply defined sandstone laminae with no claystone 
intr a c l a s t s or pebbles (Home 1971, 1975). 
Home (1971, 1974, 1975, 1976) interpreted these units as 
transverse aeolian dune deposits which occasionally contain dune 
deposits caused by a change i n wind d i r e c t i o n . 
b) More poorly sorted to muddy sandstones i n thinner beds, with s i l t -
stones. These beds contain current r i p p l e s , occasional snail cross-
sets and dessication cracks. Occasionally beds are seen to l i e i n 
large lenses. 
Home (1975, 1976) interpreted these as the deposits of a f l u v i a l 
system deposited i n a soni-arid environment. 
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4.3 
The Caherbla Group was chosen fo r further study because associations of 
f l u v i a l and aeolian deposits occurred frequently w i t h i n the Group and 
the sea c l i f f s provide exposures. 
Fifteen l o c a l i t i e s were studied i n d e t a i l and measured sections 
were recorded f o r ten of these l o c a l i t i e s (see Figs 19, 35). The 
l o c a l i t i e s are spread over twenty-eight kilometres, roughly p a r a l l e l to 
s t r i k e , and the Devonian fan-sourcing f a u l t scarp proven by Horne 
(1975). 
4.4 The sedimentary facies 
Seventeen sedimentary facies have been i d e n t i f i e d . These are divided 
i n t o two main groups: 1-10 (waterlain) and 11-17 (windlain). 
4.5 Facies 1-3 
Facies 1-3 inc l u s i v e l y compose v i r t u a l l y the whole of the Inch Conglom-
erate Formation, interpreted by Home as an a l l u v i a l fan deposit (see 
above). This conclusion i s supported by other features, such as rare 
dessication cracks, and the presence of freshwater continental trace 
f o s s i l s (Beaconites ."baratti). 
a) Facies 1. (hoarse breccio-conglomerate with blocky clasts 
Description (Fig. 20)(Plate 1 ) The deposit i s purple-grey and the 
coarsest facies i n the ^roup. Maximum measured c l a s t sizes occiar i n 
Inch Road Cutting (Q 620 007), where they reach 70 x 60 x 40 cm. Mean 
maximum cl a s t size (based upon the ten largest clasts i n a metre 
long section of a single bed) reaches 4 0 - 4 5 cm. 
The deposit i s c l a s t supported, but very poorly sorted with a poor-
ly-sorted, micaceous sandstone matrix that may constitute 30% of the 
deposit. The facies contains more equant clasts and less bladed clasts 
than facies 2. However, c l a s t sphericity remains low to moderate i n 
general, w i t h the larger clasts forming most of the moderately spheri-
cal f r a c t i o n . S i m i l a r l y , clasts are sub-angular to sub-rounded on 
average (0.4-0.6 based on the c l a s s i f i c a t i o n of Krumbein 1941). How-
ever, most clastsover20 - 30 cm. are sub-rounded or rounded (0.6 - 0.8) 
The main clast compositions are: (Quartz, quartzite, quartz-schist 
and gneiss (Home 1974, 1975). The l a t t e r three ccoipositions consti-
tute the largest c l a s t s , although quartz.is the main constituent. 
76 
Table ^. Clast compositions i n the Inch Conglomerate Formation 
1 k i l o m e t r e west of Inch. 
Gneiss 35% 
Quartz Schist 52.5% 
Quartz 6.5% 
Q u a r t z i t e 2% 
Granite/Pegmatite ^% 
I n f i n e r breccio-conglomerate p h y l l i t e can c o n s t i t u t e 
up to 40%. 
N = 200 
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Granites and pegmatites also form occasional large clasts. 
The beds are 0.2 - 1,5 metres th i c k , w i t h a mode of 70 cm. In 
some instances, the beds f i l l scours up to 70 cm. deep (Fig. 20). 
The clasts of facies one may be unimbricate and shew l i t t l e f i n i n g up-
wards, although they may also grade l a t e r a l l y i n t o facies 2 on the 
margins and top of the scour (Fig. 20). This i s termed facies 1(a). 
Some units of facies 1(a) may be more extensive, with no evidence 
of basal channelling. This i s always the case i n examples where c l a s t 
size may actually increase upwards through the bed. This variety i s 
termed facies l ( b ) - ( c f . Graham 1983). 
However, facies 1(a) and Kb) are very rare, (a) constitutes 5% 
or less of the Inch Shore sequence,, where i t i s not common. Facies 
Kb) i s even rarer. The few examples of (b) also occur i n the Inch 
Shore sequence. 
Facies 1 i n t e r p r e t a t i o n Type a): The coarseness o f the deposit and 
thickness of beds l y i n g i n scours up to 70 cm. deep (Fig. 20), combined 
with unimbricate and sometimes ungraded nature of the large clasts 
a l l suggest that type (a) deposits were l a i d down by streamfloods ( c f . 
Bull 1977). 
This i s i n some cases supported by the rapid t r a n s i t i o n to facies 
two and three on the margins of these minor streamflood channels (see 
Fig. 20). 
A few such deposits that are more extensive, may have been depos-
it e d i n washes over 20 to 30 metres wide. 
Type b): The very few examples of t h i s type show inverse grading 
of clast sizes, a characteristic of debris flows (Bull 1977, Carter 1975) 
However, i n a l l cases, the deposits were clast supported, and t h e i r 
proportion of matrix remained r e l a t i v e l y low. This suggests that they 
may have travelled w i t h flood surges i n streamflood channels. 
b) Facies 2. Imbricate breccio-conglomerate 
Description (Fig. 20)(Plate 2) The deposit i s purple-grey or more 
ra r e l y , brown-orange. I t i s v i r t u a l l y always less coarse than facies 
1, although maximum clast size can reach 40 - 50 cm. Mean-maximum clast 
sizes are conmonly between 3 - 10 cm. 
The deposit i s clast-supported, but poorly sorted, with a muddy 
sandstone matrix. More of the clasts are blades and discs than i n 
facies 1. On a study of 50 clasts over 16 mm. diameter i n a one metre 
area of a bedding plane, the proportions of clast shapes were: Discs 
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Plate 1. (hoarse breccio-conglomerate (facies l . a ) . This 
i s interpreted as an Inch a l l u v i a l fan stream-
flood deposit. Inch coastal section. Plan 
view. Chalk square i s one metre wide. 
Plate 2. Predominantly imbricate, medium to f i n e breccio-
conglomerate, i n sheets and lenses (facies 2). 
These beds are capped by and interbedded w i t h 
pebbly sandstone sheets and lenses (facies 2ib 
and facies 3). The assemblage i s interpreted 
to have been deposited by minor streams or r i l l s 
and associated sheetf loo«ds on the d i s t a l Inch 
a l l u v i a l fan. Inch coastal section. Cross-
section perpendicular to palaeocurrent. 
Scale i s ten centiinetres long. 
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40.57o, blades 40.57o, rods 16% and spheres 3 % . Clast sphericity was 
very constant (standard deviation 0.104), averaging 0.58 (Wadells class-
i f i c a t i o n , modified by Krumbein 1941 ). Clasts were generally sub-
angular to sub-rounded (0.4 - 0.6, Krumbein's c l a s s i f i c a t i o n ) . Glast 
composition i s similar to facies 1 (see Table 4 ) , but may include more 
schist. Sometimes the f i n e f r a c t i o n i s dominated by p h y l l i t e . Occas-
ional clay i n t r a c l a s t s also occur. 
Beds are conmonly thinner than those i n facies 1, averaging around 
20 cm., with a range from 2 to 180 cm. The uni t s commonly f i n e up-
wards, with a corresponding increase i n sandy matrix. 
The facies may be sub-divided, based upon the presence or absence 
of a capping sandstone to the bed: 
2(a): No sandstone or pebbly sandstone layer at the top of the bed. 
2(b): A pebbly sandstone layer less than 10 cm. thick occurs at the 
top of the bed. 
2(c): A non-pebbly sandstone layer less than 10 cm, thick occurs at 
the top of the bed. 
Clasts w i t h i n a l l the breccia un i t s are f l a t - l y i n g or Imbricate. 
Most of the beds are sheets with generally f l a t bedding, although many 
of the beds have minor scores at t h e i r bases. These may cut i n t o the 
underlying bed by 5 - 15 cm. (see Plate 2 ) . 
Rarely, shallow trough cross sets occur. These are generally less 
than 1 m. wide and 15 cm. deep, with low angle trough f i l l s . I n other 
cases, similar sized scours are f i l l e d by low angle cross sets. 
from one flank only. 
Some large b a c k f i l l e d , burrow structures occur i n t h i s facies. 
These are believed to be Beaconites b a r a t t i (Bradshaw 1981). 
Occasionally, facies 2 can g r a d e l a t e r a l l y i n t o facies 1, o r more 
c o n i D o n l y , facies 3 (see Fig. 20). 
Facies 2 in t e r p r e t a t i o n The facies i s f i n e r than facies 1 and forms 
t h i n lenses or extensive shets composed of Imbricate clasts. 
These t h i n , flat-bedded sheets with ijnbrication are similar to 
reported, rudaceous sheetflood deposits (c f . Bull 1977, Gloppen and 
Steel 1981, Fig. 10a). 
However, sane of the thicker sheets with occasional cross-sets and 
the facies 2 deposits i n lenses or scours may be stream deposits-(see 
Gloppen and Steel 1981, Fig. 9.b). These also resemble some Old Red 
Sandstone deposits from the Midland Valley, Scotland, interpreted by 
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Bluck (1967) to have been deposits on the beds of r i v e r s which were 
cut in t o t h e i r proximal floodplain. 
As coarser material was apparently available f o r deposition at the 
Inch l o c a l i t y (facies 1; see Fig. 19), t h i s more widespread and f i n e r 
facies was probably due to the lesser transporting energies i n the 
widespread, minor streams and in. sheetfloods. 
•The f i n i n g upwards of most beds, suggest that flow waned towards 
the end of floods. The frequent preservation of pebbly sandstone or 
sandstone sheets capping each bed suggests that sheetflood erosion 
p r i o r to deposition was often negligible. 
c) Facies 3. Pebbly sandstone 
Description (see Plate 2 . and Fig, 20) The facies may be grey-purple 
or white-orange. Where i t l i e s as a t h i n cap ( 10 cm. thick) above 
facies 2, i t i s included i n facies 2 as a (b) s u f f i x . 
Clasts rarely reach 10 cm. i n diameter and are generally 0 . 5 - 3 
cm. i n diameter. Clast shape, sphericity, roundness and composition 
are similar to facies 2. The clasts f l o a t i n a sandstone matrix and 
commonly constitute 20 - 257o of the deposit. 
The sandstone i s commonly medium-grained l i t h a r e n i t e . 
Bed thickness ranges from 2 to 70 centimetres, with a mode of 10 -
20 centimetres. Most un i t s f i n e upwards s l i g h t l y and often show a 
marked decrease i n pebble content upwards (see Figs 20, 36; Plate 1 ) . 
Many of the beds have, s l i g h t scouring at the base, p a r t i c u l a r l y where 
they overlie a similar u n i t . Very rare planar and trough cross sets 
occur on the Inch shore at Q 620 006, where the sets reach 35 c e n t i -
metres thick and climb t h e i r predecessor at an angle of 20*^ . Linguoid 
and transverse current ripples also occur. 
Frequently, each bed i s an extensive sheet, often extending f o r 
5 - 1 0 metres perpendicular to palaeocurrent d i r e c t i o n , and only ending 
because exposure ends. In other instances, the sheets have been chang-
ed to whole, convex-upward lenses due to downcutting by facies 2. 
The large, b a c k f i l l e d burrows (Beaconites b a r a t t i ) are exception-
a l l y conmon w i t h i n X h i s facies. These are p a r t i c u l a r l y common i n the 
sandstones containing small clasts up to 1 centimetre diameter. Smaller 
b a c k f i l l e d burrows, believed to be Scoyenia, also occur i n t h i s facies. 
This facies i s almost as common as facies 2 (see Figs 2x5,36,38). 
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/ FIG. 20. FACIES RELATIONSHIPS FOUND WITHIN THE AUUVIAL 
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Facies 3. In t e r p r e t a t i o n : The extensive, fining-upwards sheets of 
pebbly sandstone are again interpreted as the products of sheetfloods. 
However, these floods may not have been e n t i r e l y unconfined, but only 
constrained w i t h i n very broad shallow washes ( c f . McKee et al_. 1967). 
Most beds fi n e upwards, suggesting that they were deposited during 
waning flow as with facies 2. 
The sometimes richer sheets containing scour surfaces and occasion-
al cross-sets may have been deposited by minor streamflow (c f . Bull 
1977, Gloppen and Steel 1981). Where t h i s variant occurs, i t may be 
intimately interbedded with the more extensive, massive or p a r a l l e l -
laminated pebbly sandstone sheets. This suggests that minor streamflow 
and sheetfloods could occur siinultaneously w i t h i n an area. 
Beaconites b a r a t t i burrows are common w i t h i n t h i s facies. A pref-
erence for a similar facies was also observed by Graham and Pollard 
(1982), w i t h i n the Lower Carboniferous f l u v i a t i l e deposits of County 
Mayo. The reasons f o r t h i s preference remain unclear, apart from the 
burrower's i n a b i l i t y to have burrowed i n coarser deposits, as evidenced 
by the diversions of some burrows around patches of large clasts. 
4.6 Facies 4 - 1 0 
The following facies, 4 - 1 0 inclusive, occur very predominantly w i t h i n 
the Kilmurry Sandstone Formation. These broadly constitute the deposits 
interpreted by Horne (1974, 1975, 1976) as f l u v i a l (see Introduction). 
a) Facies 4. Poor to well-sorted, thick sandstone lenses 
Description (see Plate 9 and Figs 21, 22) The facies i s composed of 
grey to purple, poor to well-sorted, commonly medium-grained s u b l i t h i c 
or l i t h i c arenitev muscovite mica i s sometimes present. Grains are very 
angular to rounded and are modally sub-angular, with moderate sphericity. 
The sandstone i s generally well-cemented. 
Beds are up to 2 metres thick, and form lenses from 5 to at least 
50 metres wide. The lenses may become f l a t or concave-upward bases, with 
lens margins dipping at 10 - 15°. The lenses sometimes only fi n e up-
ward very s l i g h t l y , due to better sorting. However, i n a few cases, 
rare, small breccia cl a s t s , reaching 5 millimetres, may occur at the 
base of the lens (see Fig. 21). The tops of u n i t s are occasionally 
covered with a very t h i n s i l t or clay sheet up to 1 centimetre t h i c k , 
which may be polygonally cracked and loaded. The tops of other lenses 
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remain sandstone with shallow e l l i p s o i d a l scour structures, and l i n g -
uoid or transverse current ripples. 
The l e n s - f i l l s are frequently massive, or f a i n t l y parallel-lamin-
ated. Rarely, trough-cross sets may occur near the top of the lens-
f i l l . These are less than 1 metre wide and 20 - 30 centimetres deep. 
At a single l o c a l i t y , iinmediately to the east of Acres Point (Fig. 19), 
apparently, planar cross-sets up to 1.5 metres thick occur. The fore-
sets dip along the general trend of the lenses. 
Several of these lenses may overlap, to form a single, more exten-
sive sheet, several metres t h i c k (see Figs 21, 22; Plate 19). 
No trace f o s s i l s are recognised within t h i s facies. The facies i s 
r e l a t i v e l y rare, c o n s t i t u t i n g only a few percent, of the sequences com-
posed from facies 4 to 10 inclusive. 
Facies 4. Inte r p r e t a t i o n : The lenses are believed to be f l u v i a l 
channel forms. This i n t e r p r e t a t i o n i s supported by the sedimentary 
structures that indicate that a broadly unidirectional current flowed 
along the lens axes.-. 
The shapes of the channel cross-sections and t h e i r f i l l s , suggest 
that the channels were rapidly cut and f i l l e d , with l i t t l e or no l a t e r -
al migration. The channel f i l l s are similar to some of the main channel 
deposits associated with the dramatic Bijou Creek flood of 1965 (McKee 
et a l . 1967). I t appears l i k e l y that several of the preserved channels 
may have flowed simultaneously, although rapid switching of courses 
also occurred, allowing gradual accumulation of a thicker multistorey 
sandstone sheet ( c f . Blakey and Gubitosa 1984). The very occasionally 
dessication-cracked tops suggest that channels could periodically dry 
out once f i l l e d by sediment. 
The lens o r i e n t a t i o n , orientation of smaller sedimentary struc-
tures, and lack of l a t e r a l accretion deposits suggest that the channels 
were of low sinuosity and that the larger composite 'braided' channel 
was of low sinuosity. 
The relationship of t h i s facies t o subsequent facies i s important, 
and i s discussed i n d e t a i l after description and interpretation of the 
individual f l u v i a l facies. 
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FIG. 21. CHARACTERISTIC GEOMETRIES OF THE FLUVIAL FACIES 
h) Facies 5. Cross-bedded, poor to well-sorted sandstone sheets over 
25 centimetres t h i c k 
Description (see Fig. 21 and Plate 3).- The facies i s generally dark 
brown or grey-purple, medium to fine-grained sub-litharenite or l i t h -
arenite. This i s commonly poor to well sorted. Grains are very angu-
la r to well rounded with a sub-angular mode. I f the sandstone i s well 
sorted, sub-rounded grains may be the mode. In either case, the sand 
grains are moderately spherical. Mudstone i n t r a c l a s t s up to several 
centimetres long may occur. The units are again well cemented, 
Beds are 25 centimetres to 1 metre th i c k , but are commonly 25 -
50 centimetres thick. These may form shallow lenses or extensive 
sheets up to over 50 metres wide, perpendicular to palaeocurrent direc-
t i o n . 
The cross-sets may be trough-shaped or planar. The troughs are 
generally less than 1 metre wide and up to 60 centimetres deep. Most 
are f i l l e d by low to medium angle cross sets (10 - 20°), which i n some 
cases f i l l the trough from one flank only. Planar cross-sets are slight-
l y more common, and may be up t o 90 centimetres th i c k . 
In a few cases, the cross set does not extend to the very top of 
the bed, but i s replaced by a few centimetres of f i n e r , parallel-lamina-
ted or current rippled sandstone, that may l i e i n shallow scours cut i n -
to the cross set tops. This may f i n e upwards to a s i l t or clay sheet. 
The s i l t or clay layer may have been polygonally cracked or s l i g h t l y 
loaded. 
Beaconites b a r a t t i burrows are present, and may be connion i n the 
tops of some of the thinner beds, although rare or absent i n the 
thicker beds. 
This facies i s one of the more important constituents of the f l u v -
i a l deposits. 
Facies 5. Interpretation: The association with and s i m i l a r i t i e s to 
facies 4 sandstone lenses, suggest that t h i s deposit i s part of the 
same f l u v i a l drainage system. The deposit also contains quantities of 
Beaconites b a r a t t i burrows, believed to be a f l u v i a l trace f o s s i l . 
The presence of trough and planar cross-sets suggests that water 
depth was s u f f i c i e n t to allow the development of megaripples ( c f . Simons 
and Richardson 1961, Allen 1982). 
A number of cross-sets coalesce to form a single, wide, apparently 
f l a t , sheet sandstone ( c f . Blakey and Gubitosa 1984). This suggests 
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that many small megaripples migrated along broad, shallow, sandy 
channels. I f channel margins occurred or are preserved w i t h i n t h i s 
f a d e s , they dip at only a few degrees. Channel depth was probably only 
a few metres, based upon set thicknesses and scour depths (cf . Allen 
1982, Fig. 8.20). Some of the cross set tops w i t h i n the sheet sand-
stone are scoured and covered by small s i l t draped linguoid rippes. 
This suggests that low stage flow affected much of the channel, or area 
of the channel, where t h i s facies was deposited. 
Occasional dessication cracks indicate that some of the cross-
bedded surfaces were at some point sub-aerially exposed. 
c) Facies 6. Massive or p a r a l l e l laminated, poor to well sorted sand-
stone sheets over 25 centiinetres t h i c k 
Description (see Fig. 21, Plates 3, 18, 19) , This facies i s of 
similar colour, composition, texture, and thickness and extent as the 
previous facies ( 5 ) . However, the beds are massive, or parallel-lam-
inated, f i n e upwards, at least s l i g h t l y , and sometimes have a t h i n s i l t 
or clay cap. 
The base of the bed frequently has shallow e l l i p s o i d a l scours that 
have cut gently i n t o some areas of the underlying bed. In other parts 
the bed may be a perfect sheet without erosion of the underlying bed. 
The e l l i p s o i d a l scours may be covered by linguoid to transverse, small-
scale current r i p p l e s . Streaming current lineations may occur, but are 
i n most cases too close to the orien t a t i o n of cleavage-bedding i n t e r -
section l i n e a t i o n to be used safely. These lineations occur on the 
surfaces of parallel-laminated u n i t s . 
The t h i n s i l t s t o n e or mudstone caps to the beds, may be polygon-
a l l y cracked. Mudstone i n t r a c l a s t s may also occur w i t h i n the sandstone. 
At least two trace f o s s i l ichnogenera occur. Beaconites b a r a t t i 
may be very common i n the thinner units of t h i s facies (25 - 60 cm, 
t h i c k ) . Thinner Scoyenia burrows also occur. 
This facies i s again f a i r l y common wi t h i n the f l u v i a l sequences 
(see Figs 41 and 45). 
Facies 6. Interpretation: .This facies/has similar features to facies 
5, i d e n t i f y i n g i t as a f l u v i a l deposit. The units are again sheet 
sandstones, but are massive or parallel-laminated and f i n e upwards. 
These features have been reported from modem, f l u v i a l sheetsand depos-
i t s , which frequently occur i n sandy, semi-arid environments (Schumn 
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1961, Schumm and Lichty 1963, McKee et a l . 1967, Glennie 1970, Williams 
1971). Some of the examples ci t e d by these authors are from more tem-
perate regions which may suffer from sudden, only s l i g h t l y confined 
floods (McKee et a l . 1967). The deposits of the 1965 flood of Bijou 
Creek, (Colorado, were observed to be up to several metres thick w i t h i n 
the creek i t s e l f , and up t o 30 inches thick even many hundreds of yards 
outside the channel (McKee et a l . 1967). 
As with facies 5, i f channel margins occur, they can only slope 
at a few degrees. This i s discussed i n more d e t a i l when assemblages of 
facies are discussed. 
The thicker massive or p a r a l l e l laminated beds without s i g n i f i c a n t 
f i n i n g upwards and no clay-siltstone or mudstone caps are similar to 
the deposits observed from the main channel at Bijou Creek by McKee et 
a l . They found that the base of the flood deposit could not be d i s t i n g -
uished. This may apply i n some instances i n the sequence i n Southwest 
Kilmurry Bay (Fig. /^S.e). 
The presence of Beaconites b a r a t t i burrows i n the thinner sheet 
sandstones suggests that the burrower had a preference, need or a b i l i t y 
to only burrow i n the shallower parts of the 'channels' (c f . Graham and 
Pollard 1982). 
d) Facies 7. Cross-bedded, poor to well sorted sandstone sheets less 
than 25 centimetres t h i c k 
Description (Fig. 21) The facies i s similar i n colour, composition 
and texture to the previous tvro facies. The units are s i m i l a r l y well 
cemented. 
The sandstone forms sheets less than 25 centimetres t h i c k , but 
generally more than 10 centimetres thick. 
The sheets may have planar non-erosive basis, or shallow e l l i p s o i -
dal scours at t h e i r bases. A l l un i t s contain cross-sets, which are 
generally planar. These sheets are generally only 10 to 20 metres wide, 
and are then cut out by an adjacent or overlying bed. However, i n some 
cases, planar or trough cross sets^'within a single sandstone sheet, 
which may be wider as i n Facies 5. 
Finer sandstones or siltstone/clay sometimes form a t h i n p a r a l l e l -
laminated and polygonally cracked cap to the bed. 
Beaconites b a r a t t i burrows may be canmon, p a r t i c u l a r l y i f t h i s 
facies i s associated w i t h the massive or parallel-laminated sandstone 
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Plate 3, A succession of parallel-laminated sandstone 
sheets (facies 6, 8). Interpreted as sheet-
flood deposits. Below l i e s a cross-bedded 
sandstone lens (facies 5, 7 ) , interpreted as 
the l a t e r a l f i l l of a minor channel. Western 
Kilmurry Bay-section, 279-285 metres (Fig. 45) 
One metre of tapa for scale. View to west. 
Plate 4. Fine to very fine sandstone i n parallel-laminated 
sheets with large dessication cracks (facies 9). 
These are interpreted as minor, ephemeral s-neet-
flood deposits l a i n down i n d i s t a l f l ood areas 
or backwaters. Western K i l u r r y Bay section 158 
metres (Fig. 41). Scale i s ten centimetres long. 
View to east. 
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sheets (facies 6 and 8). Rarer Scoyenia burrows may also occur. 
The facies i s rare, c o n s t i t u t i n g only a few percent, of the 
f l u v i a l sequences. 
Facies 7. Inte r p r e t a t i o n : The facies i s again interpreted as a f l u -
v i a l deposit, based on Horne's in t e r p r e t a t i o n (Horne 1974, 1975, 1976) 
and on s i m i l a r i t i e s to facies 4 to 6. 
The presence of trough, or more corimonly, planar cross-sets, once 
again indicates that water depth was s u f f i c i e n t and flow v e l o c i t i e s 
slow enough f o r megaripples to develop ( c f . Simons and Richardson 1961, 
Allen 1982, Vol. 1, Ch. 7). However, the thinness of the beds, and 
t h e i r sheet form, suggest that the water was shallow. 
Once again, channel margins, i f observed, slope at only a few 
degrees. 
e) Facies 8. Parallel-laminated or massive sandstone sheets less than 
25 centimetres t h i c k , with s i l t - c l a y caps that constitute less than 
15% of the u n i t thickness 
Description (Fig 21, and Plates 3, 18, 19) The facies has simi-
l a r colour, composition and texture to the previous facies (7). How-
ever i n t h i s case, the sandstone sheets are less than 25 centimetres 
th i c k , parallel-laminated or massive. The beds frequently f i n e upwards, 
s l i g h t l y , and may have s i l t or clay caps which constitute up to 15% of 
the thickness of the bed. 
The sheets may have f l a t , non-erosive bases, or shallow e l l i p s o i d a l 
scours with current ripples at the base. The p a r a l l e l laminae may again 
show possible primary current l i n e a t i o n . The silfetone or mudstone caps 
often l i e sharply on medium or f i n e sandstone, h i g h l i g h t i n g the narrow 
range of sand grain sizes available. The caps are often polygonally 
cracked, and very rarely gently loaded. 
Trace f o s s i l s observed include many Beaconites b a r a t t i burrows, 
Scoyenia burrows and rare Isopodichnus (Muller 1975) t r a i l s and resting 
traces. A l l these types of traces are most comnonly preserved i n and 
on the sand immediately below the clay cap. In rarer instances the 
burrows cut through the cap. 
This facies i s frequently associated with the three previously 
described sandstone facies (see Plates 2.a, 3.b). This association i s 
discussed l a t e r i n the chapter. This facies i s r e l a t i v e l y comnon with-
i n the f l u v i a l sequences. 
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Facies 8. Interp r e t a t i o n : As the facies i s similar t o facies 6, but 
thinner, i t i s s i m i l a r l y interpreted as the deposit of subtly confined 
or unconfined sheetflow. As the beds are thinner than those of facies 
6, i t i s probable that flow was of lower energy and shallower than that 
which deposited facies 6 ( c f . McKee et a l . 1967). I n some instances, 
i t can be observed to have been due to shallowing over r e l i e f w i t h i n 
the 'channel*. In other cases, the facies i s more extensive and forms 
mijltistorey u n i t s . There may be s h a l l a ^ r areas, towards the margins 
of the flow, or due to shallowing and expansion of flow downstream ( c f . 
Tunbridge 1984)(see Chapter 2). 
These aspects are discussed further i n subsequent sections of t h i s 
chapter. 
The abundance of Beaconites b a r a t t i w i t h i n the facies, may have 
been related to the shallowness and ephemerality of flow i n t h i s part 
of the f l u v i a l system ( c f . Graham and Pollard 1982). 
f ) Facies 9. 5 to 20 centimetre thick shaets which f i n e upwards to 
s i l t or clay caps co n s t i t u t i n g 15% or more, of the t o t a l bed 
thickness 
Description (Fig. 21, Plate 4) The facies i s composed of grey or 
l i g h t to dark brown sandstone with a dark purple or brown s i l t s t o n e or 
clay cap. 
The medium to fine-grainad l i t h a r e n i t e or siib - l i t h a r e n i t e i s poorly 
to well sorted. The sand grains have similar roundness and sphericity 
to facies 4 to 8. Mica and clay i n t r a c l a s t s may be present, and the 
beds are well cemented. 
The beds are 5 to 20 centimetre thick sheets, often of very constant 
thickness. The beds f i n e up/zards pronouncedly to r e l a t i v e l y t h i ck s i l t -
stone or mudstone caps that are over 15% of the t o t a l bed thickness. 
One exception t o t h i s rule occurs where the raudstone caps are thinner 
than 15% of the bed thickness. However, i n t h i s case, the bed fines 
only from fine/very f i n e sandstone. Hence i t i s included i n t h i s facies 
(Plate 4). 
The beds rarely have erosive bases and often show no internal struc-
ture apart from rare p a r a l l e l laminae. These are generally concentrated 
at the base and the top of the bed. Rare current ripples and possible 
primary current lineations are observed. The s i l t s t o n e and mudstona 
caps are v i r t u a l l y always polygonally cracked. 
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Beds of t h i s facies are often stacked i n a multistorey fashion i n 
lenses cut i n t o other deposits w i t h i n the Kilmurry FOTAVXHOA . Margins 
to such lenses are sometimes seen, and may slope at 30"^ . An enti r e 
lens i s only seen i n East Kilmurry Bay, at 96 metres (Figs 30, 41). 
There, i t i s approximately 50 m-3tres wide. 
Trace f o s s i l s include Isopodichnus t r a i l s and oriented resting 
traces, and r e l a t i v e l y rare Beaconites b a r a t t i burrows. 
Facies 9. Inte r p r e t a t i o n : The s i m i l a r i t y of many features t o those 
i n facies 4 to 8 indicates the facies' f l u v i a l o r i g i n . The thinness and 
fineness of the beds suggest that the deposits were l a i n down i n a low 
energy f l u v i a l sub-environment. The comiionplace dessication cracks i n -
dicate that dessication frequently folloA?ed the deposition of a bed. 
These features suggest that periodic floo-d deposits reached areas 
d i s t a l to the f l u v i a l source, or backw:aters, which were regularly by-
passed by the main flood. The stacking of these beds wi t h i n r e l a t i v e l y 
small channel lenses may support these interpretations. This assemb-
lage i s discussed i n more d e t a i l l a t e r i n the chapter. 
The r a r i t y of Beaconites b a r a t t i burrows w i t h i n the facies may-be 
related to the postulated low water depth, the frequency of dessication 
events, or perhaps t o tha mud's r e l a t i v e impenetrability, once dried. 
g) Facies^lO. 1 to 10 centimetres thick sheets of coarse to f i n e 
sandstone f i n i n g upwards to mudstone caps 
Description (Fig. 21, 22) This facies i s similar to facies 9 i n many 
aspects. However, although i t i s c h i e f l y composed of f i n e to medium 
grained sandstone, i t contains a larger proportion of coarse, very w^;ll 
rounded sand grains. The beds form extensive sheets reaching at least 
50 metres wide, and probably considerably wider.(Minard Head section). 
Yet often, the beds are only 1 - 5 centimetres t h i c k , and have planar 
bases with no evidence of erosion i n t o the underlying bed. 
Occasionally, current ripples are observed. Sandy f i l l e d cracks, 
which are polygonal i n the rare plane view, appear to be very coraroon. 
This facies only occurs at Minard Head (see Figs 19, 22, 35), 
where a multistorey u n i t of these beds appears to l i e on the southern 
side of an extensive lens with an East to West trend. The southern flank 
of the lens slopes gently northward (less than 10°). The lens f i l l may 
extend northward f o r several hundred metres based upon the extensive, 
planar but grassed platform at t h i s l e v e l . 
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No trace f o s s i l s were observed, but t h i s may be due to the poor 
exposure of murh of t h i s facies. 
Facies 10. In t e r p r e t a t i o n : The s i m i l a r i t i e s of t h i s facies to facies 
9 suggest a broadly -jimilar i n t e r p r e t a t i o n , as a dis-:al f l u v i a l flood 
deposit, or a f l u v i a l 'backwater' deposit. 
However, these beds appear thinner and more extensive than facies 
9. They also appear to contain more very-rounded coarse grains. These 
features suggest that t h ^ channel was wider and possibly ;nore d i s t a l 
from f l u v i a l sources. The very rounded coarse grains are similar to 
grains found i n facies 15 (an interdune deposit). Hence, a-3olian dep-
os i t s that encroached onto the clay pan may have been rew^rk*2d by sub-
sequent flooding ( c f . Philobbos and Mansour 1977). 
4.7 Assembla^ges of the waterlain facies 
The waterlain facies (1-10) occur i n six main assemblages within the 
Claherbla Group. 
Facies assemblages A and B constitute the entir e Inch Conglomerate 
Formation (see Figs 20, 36). 
A) The coarse fan assemblage (see Fig. 20) 
Description Coarse un i t s of facies 2 pred'jminate. These have been 
interpreted as rudaceous sheetflow and rarer wiak to mijderate stream-
flow deposits. Beds o f facies 1 also rarely occur. These were i n t e r -
preted as streaiifloo'J deposits, and very rarely as* possible sub-aerial 
debris flow deposits. Rare beds of facies 3 also 'OCcur; these are be-
lieved to have been deposited i n similar environments to facies 2, 
Specific v e r t i c a l ami l a t e r a l associations of the facies i n assem-
blage (A) are presented i n "igure 20. 
Interpretation The predominance of coarse sheetflcc^ deposits with 
rarer coarser streamflow - streamflood deposits, are similar to models 
of midfaa se-'^inces presented by Bull (1972, 1977). Analagous 
ancient assemblages with interpretations as mldfan to d i s t a l fan occur 
(Cleiiro2y 1976, Gloppen and Steel 1981). Both these ex.^imples contain 
large quantities of debris flow i n the upper fan and midfan areas. 
B) The f i n e fan a3SgTiL>l3ge (see Fig. 20, Plate 2) 
Description Fine un i t s of facies 2 are can-iionplaoe i n t h i s assemblage. 
These are often thinner than those i n assemblage A, bat are believed to 
be deposited by sLnilar sheetflood and weak to moderate stream flow. 
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Facies 3, pebbly sandstone deposits, occur interbedded i n roughly 
similar quantity. These are believed deposited by sheetflow and weak 
streamflow. 
One particular example of t h i s assemblage i s worth specific men-
ti o n . I n Inch Glen (Q 648 018), the assemblage f i l l s an 800 metre wide 
lens that reaches a thickness of 15 metres at the centre. The lens 
trends from south to north and i s cut in t o facies interpreted by Horne 
(1975, 1976) as aeolian dune deposits. The lens contains a pronounced 
l a t e r a l change i n facies. I n the centre of the lens, imbricate breccio-
conglomerates predominate (facies 2). Towards the margins of the lens, 
pebbly sandstone sheets are overlain by p a r a l l e l laminated and massive 
non-pebbly sandstones (6 or 8)(see Fig. 20). 
Interpretation This assemblage resembles descriptions of the deposits 
of d i s t a l parts of recent a l l u v i a l fans (Bull 1972, 1977). Examples of 
similar assemblages from the stratigraphic record are presented by 
Gloppen and Steel (1981), Clermey (1976) and Nilsen (1981, Fig. 43). 
These have s i m i l a r l y been interpreted as medial to d i s t a l fan.deposits. 
The assemblage i n the isolated lens i n Inch Glen appears to preserve 
the deposits of a single 800 metre wide d i s t a l fan channel. The lack 
of major d e f l a t i o n surfaces at i t s top, and the preservation of even the 
fi n e sand facies at the top of the channel, f i n i n g upwards cycle, sug-
gest that the channel was preserved i n i t s e n t i r e t y . This implies that 
a f t e r i n c i s i o n , the channel gradually f i l l e d w i t h sediment i n sheets. 
More importantly, the channel demonstrates the relationships between 
flow v e l o c i t y , depth, and sediment size across an e n t i r e , i f poorly ex-
posed, channel section (see Fig. 20). Taking the hydraulic radius as 
around 50 to 60, and applying the equation of Schumm and Lichty (1963), 
the channel slope was 2*^  to the north. 
C) 
Description (Fig. 22 and Plate 19.) The lower part of Assemblage C 
may be composed of th i c k sheets formed by large, overlapping lenses of 
sandstone (facies 4). Each lens has been interpreted to have been de-
posited as a single low sinuosity channel f i l l e d by a major flood 
deposit. Several of the channels w i t h i n the large sand sheet may have 
been connected to form a braided pattern. 
The multistorey sheet i s overlain by one to three metre thick 
sheets of massive sandstone with occasional p a r a l l e l laminations (facies 
6). These have been interpreted as the products of somewhat less 
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FIG. 22 CHARACTERISTIC VERTICAL ASSEMBLAGES OF THE FLUVIAL FACIES 
erosive channel floods. This may be due to lesser confinement of flow, 
or deposition nearer the flood margins. 
In some instances (Western Kilmurry Bay, 270 m.), the assemblage 
may be composed almost e n t i r e l y of t h i s l a t t e r facies. However, a few 
t h i n , massive, p a r a l l e l laminated, trough or planar cross-bedded un i t s 
may be interbedded (see Fig. 22). 
Interpretation The assemblage may represent sandy channel c u t t i n g 
and aggradation, or large-scale channel migration. I f the former, a 
braided pattern of channels only existed i n some such assemblages, and 
only for the i n i t i a l period a f t e r main channel c u t t i n g (see Fig.22). 
Even these i n i t i a l channel lenses suggest that they were cut and f i l l e d 
by single, dramatic floods. The overlying deposits were deposited by 
similar floods, but were possibly less confined or nearer the margin 
of the flood. I n these areas, i n i t i a l f l o od erosion was less e f f e c t i v e 
(cf . McKee et a l 1 9 6 7 ) . This :facies may be interbedded w i t h thinner 
sandstone facies indicative of lower stage flows between floods. I f 
these thinner facies cap the assemblage, they may indicate further sha-
llowing of flow due to widespread channel aggradation ( c f . Moody-Stuart 
1966), or to aggradation at t h i s l o c a l i t y as the channel migrated. 
Exposures are unfortunately too small to determine which of these poss-
i b i l i t i e s i s correct. 
D) 
Description (see Fig. 22)(Plate 18) Thick, massive or parallel-lami-
nated sandstone sheets over 25 centimetres thick are common (facies 6). 
These were interpreted as moderately thick flood deposits, which were 
i n some cases deposited by sheetflow. 
Very ra r e l y , t h i n pebbly sandstone or breccio-conglomeratic small 
lenses occur (facies 3 and 2). They are interpreted as minor stream-
flow deposits. 
Somewhat more commonly, sheets of planar and trough cross-bedded 
sandstone occur (facies 5 i f greater than 25 centimetres t h i c k , facies 
7 i f less than 25 centimetres t h i c k ) . These were interpreted as sheets 
deposited by f i e l d s of transverse, lunate or linguoid large-scale 
ripples i n shallow channels ( c f . Allen 1982 Vol. 1, Qi. 9). 
Thin massive or p a r a l l e l laminated sandstone sheets were also com-
mon (facies 8). These were interpreted as t h i n , dramatic flood 
deposits, including sheetflood. 
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Plate 5. Phocotnicrogcaph of poorly sorted f l u v i a l l i t h -
arenite from near base of a thick sandstone 
lens deposited by streamflood (facies 4 ) . In 
eastern Kilmurry Bay section at 171.5 iTiBtres 
(Fig. 41). Cross:3d polarised l i g h t . 
View i s 3.4 mlllimiitres •.>rLde. 
Plate 6. Photomicrograph of w i l l to very well sorted 
l i t h a c e n i t e composed of f l u v i a l l y reworked 
aeolian sand. From massive f i l l of channel 
cut i n t o aeolian dune deposits i n the eastern 
Kilmurry Bay section at 96 matres (Fig. 41). 
Crossed polarised l i g h t , view i s 3.4 
millimetres wide. 
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Interpretation As i n Assemblage C, massive and parallel-laminated 
sand sheets were commonplace, wh i l s t large ripples were rare. This i s 
believed to be due to the rapid onset and decline of floods, moving frcm 
upperplane bed flow to low plane bed flow very rapidly (Tunbridge 1981). 
Reasons for such dramatic, short-lived floods can be found i n present 
desert watersheds, p a r t i c u l a r l y those with a mountain catchment (Vanney 
1960, Mabbut 1977). The areas may experience dramatic, short-lived 
storms, with l i t t l e s o i l or vegetation on the uplands to allow i n i t i a l 
i n f i l t r a t i o n . This causes dramatic rates of immediate runoff (Karcz 
197i2). Once the flood arrives i n the sandy basin, there i s unlimited 
sediinent supply; but with l i t t l e channelling, the water sheetfloods over 
wide areas and may be rapidly dissipated. This may be enhanced by 
high rates of i n f i l t r a t i o n i n t o the frequently dry, sandy substrate 
(see Ch. 2 ) . 
No major channel margins were observed i n association with t h i s 
assemblage, but t h i s may have been pa r t l y due to the widest rock expo-
sure perpendicular to palaeocurrent being 100 metres. By analogy with 
the Inch Glen channel f i l l e d by assemblage B, the sheetsand assemblage 
could l i e i n large channels (up to 1 kilometre wide), whose margins 
sloped at only 1 or 2 degrees. 
E) 
Description (Fig. 22) This assemblage i s frequently observed to l i e 
within lenses, at least 10 metres wide and 1 to 5 metres deep. The 
lenses have concave-upwards bases and f l a t tops. The lenses are f r e -
quently cut i n t o facies 11 to 17, which are interpreted by Horne (1974, 
1975, 1976) as aeolian deposits (see Section 4 . 2 ) . 
A single massive sandstone (facies 6) occasionally occurs at the 
base of the lens. This may be composed of unusually well-sorted, clay-
free sandstone, similar to the adjacent aeolian deposits. Kence, t h i s 
u n i t i s interpreted as aeolian sand that has been reworked l o c a l l y by 
the channel during a flood. 
This i s caimonly overlain by thinner sheet sandstones which may be 
less well sorted (facies 8 ) . These are interpreted as subsequent flood 
deposits i n the now shallowed channel, or lower stage deposits from the 
same flood. Occasionally, t h i n , cross-bedded sandstone units may occur 
(facies 5, 7 ) , indicating that r a r e l y , large current ripples could form 
within the channels. 
The assemblage i s v i r t u a l l y always capped by many th i n sandstone 
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sheets which i n d i v i d u a l l y f i n e to dessication-cracked mudstone (facies 
9). These were interpreted as successive d i s t a l f lood or 'backwater' 
deposits, each of which was followed by a period of dessication. 
Interpretation The concave-upwards basal erosion surface to the lens 
i s interpreted to be a channel cut i n t o aeolian dune deposits ( c f . 
Home 1974, 1975, 1976). As the channel margins can slope at 15 to 30°, 
i t appears probable that the adjacent aeolian deposits were already 
cohesive when the channel was cut. 
Each assemblage indicates channel c u t t i n g , followed by gradxaal 
aggradation of the whole channel through a succession of floods. 
In some cases, the cycle may repeat as i n East Kilraurry Bay at 
96 metres (see Figs 4-'>.'= ys-ioon.). 
As i n the previously interpreted assemblages, the preponderance of 
massive or parallel-laminated, f i n i n g upwards sandstone sheets suggests 
that r e l a t i v e l y sudden, overloaded floods occurred. These could change 
rapidly from upper plane bed phase t o lower plane bed phase. 
F) 
Description (see Fig. 22), This assemblage only occurs once, at the 
very top of the Minard Head sequence (Figs 22 , 35). 
I t i s similar to assemblage E, but i s believed to f i l l a broader 
lens: The lens i s again cut i n t o deposits interpreted as aeolian 
(Home 1975). The lens has already been described i n facies 10. I t i s 
at least 50 metres wide, and probably considerably wider, with a south-
em flank that dips at less than 10*^  northwards. Only shallow scours 
cut i n t o the overall r e l i e f of the lens base. Sandstone sheets and 
convex-upward lenses of apparently low-angle, planar, cross-bedded sand-
stone (facies 5 and 7) l i e on the basal surface. These were interpreted 
as the deposits of minor shoals of large scale ri p p l e s . 
Thin parallel-laminated sheet sands (facies 8) follow, f i l l i n g 
hollows between the convex upward sandstone lenses. 
These are followed by t h i n massive or p a r a l l e l laminated sheets 
f i n i n g from sandstone to mudstone (facies 9 and 10). The sandstones of 
facies 10 contain some coarse, very well-rounded grains, believed to be 
aeolian. 
Facies 8, 9 and 10 were a l l interpreted as d i s t a l sheetflow depos-
i t s deposited by ephemeral floods. 
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Interpretation The assemblage i s believed to f i l l a wide^ shallow 
channel, c u t t i n g an interdune area. This explains the proportion of 
coarse very well-rounded grains i n facies 10. 
The channel appears to have cut across an interdime area and then 
f i l l e d with sediment through a long series of successive ephemeral 
floods. During periods between floods, the channel was frequently dry, 
as evidenced by the dessication cracks. 
The large number of t h i n , discrete, flood deposits w i t h i n the 
channel suggest that i t continued to be shallowly flooded many dozens 
of times. 
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4.8 Facies I I - 14 
These include the deposits i d e n t i f i e d as aeolian by Home (1974, 1975, 
1976)(see Section 4.2). 
General Description The facies are white-grey-purple, coarse to f i n e , 
moderately to very well sorted, l i t h a r e n i t e or sub-litharenite. The 
grain size mode i s v i r t u a l l y always medium sand. 
Grains are commonly moderately spherical, and sub-angular to sub-
rounded, with coarse grains frequently very spherical and rounded to 
well rounded. 
The deposits generally contain somewhat less l i t h i c grains than the 
f l u v i a l and a l l u v i a l fan deposits. 
A l l of facies 11 - 14 are trough or planar cross-bedded, frequently 
with sets over 1 metre thick. Sets may reach up to 20 - 30 metres i n 
thickness. Troughs may be 4 to lOO's of metres wide (see Plate 9). 
Foresets are planar, or gently concave up-dip, frequently-with asymp-
t o t i c toes. Maximum foreset dips generally reach 30^, although i n one 
instance reach 38°. The foresets frequently dip to the southeast. 
The foresets are well-laminated, w i t h strong grain-size contrasts 
between the laminae. The toes of foresets are frequently less well 
sorted than the steeper segment of the foreset. 
Very rare soft-sediment deformation structures occur. In one i n -
stance, the toe of a foreset appears to have slumped, where abutting 
facies (6) a f l u v i a l sheet sand (Annascaul River, Fig. 39). 
Trace f o s s i l s are observed i n some l o c a l i t i e s , and include t r a i l s , 
hop marks, restiog places (pouches) and burrows. 
(^neral Interpretation A l l the features described, suggest that 
facies 10 - 14 are the deposits of aeolian dunes (see c r i t e r i a f o r t h e i r 
recognition i n Chapter 3, and Home's int e r p r e t a t i o n i n C3iapter 4.4). 
However, i n a few instances, the facies defy some of the t r a d i -
t i o n a l c r i t e r i a f o r t h e i r recognition. For instance, aeolian cross-
bedded units at 240 - 247 metres i n Western Kilmurry Bay, occasionally 
have t h i c k l y mica-draped foresets (Fig. 45; Plate 8 ) , although other 
c r i t e r i a prove them to be aeolian. Similarly, grain shape and round-
ness are sometimes id e n t i c a l I n adjacent f l u v i a l and aeolian deposits. 
Further, at 155 metres i n eastem Kilmurry Bay (Fig. 41; Plate 19), 
aeolian deposits f i l l a channel and reach foreset dips of 38°. They 
also contain clay Intraclasts from the channel side. This deposit can 
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Plate 7. Photomicrograph of well to very well sorted 
l i t h a r e n i t e - s u b l i t h a r e n i t e . From the upper 
part of a small aeolian dune cross-se;: i n 
the thick aeolian sequence i n ths eastern 
Kilmurry Bay section at 37 metres (Fig. 41). 
Note the t h i n sharply deflni^d predaninantly 
inversely graded laminae. Note also that the 
grains ace co.Ttnonly sub-angular to sub-rounded 
Crossed polarised l i g h t . Miew i s 3.4 m i l l i -
matres wide. 
Plate 8. Photomicrogcaph of moderately to well-sorted 
l i t h a r e n i t e with d e t r i t a l muscovite mica. 
Fran an aeolian foreset dipping at 25° i n 
the western Kilmurry Bay sequence at 246 
metres. The aeolian assemblage from 226-251 
metres i s believed to be a scpjrce-bordering 
dune assemblage. This may explain the mica 
draped foresets and the ptjorer t e x f a r a l and 
compositional sorting (see Fig. 32). Laminae 
are well defined and normally graded. 
Crossed polarised l i g h t . View i s 3.4 m i l l i -
miitres wide. 
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be proven aeolian by the nature of the laminae, the set thickness, 
d i r e c t i o n of foreset dip and gross sorting (see also Horne 1975, Fig. 
5). 
4.9 Modern and ancient aeolian bedforms 
I t i s now established that some facies w i t h i n the Caherbla Group are 
aeolian dune deposits. However, a discussion on previous studies of 
modern and ancient aeolian bedforms i s necessary before further analysis 
of the Caherbla aeolian facies i s undertaken. 
I t has long been recognised that aeolian bedforms may exh i b i t 
great variety and complexity of form (Melton 1940, McKee 1979aXFig« 9). 
Wilson (1970,1972b) studied 3 areas of the Sahara, and demonstrated 
an empirical d i v i s i o n of aeolian bedfdrms i n t o r i p p l e s , dunes and 
draas. These were separated i n t o 3 f i e l d s by plots of the 20th per-
ce n t i l e of the grain-size d i s t r i b u t i o n versus the bedform wavelength. 
Draas were the bedform grcaip with largest,wavelength, ranging from 0.65 
- 3.5 kilometres. In v i r t u a l l y a l l cases, draas had superimposed para-
s i t i c dunes. 
These results have been supported by a study of barchanoid and 
transverse draa i n Wyoming (Kolm 1982). Kolm found that wind v e l o c i -
t i e s were close to the threshold v e l o c i t i e s needed to move the modal 
grain size i n the dunefields. He also suggested that the draa spacing 
may be controlled by stable, high frequency, low v e l o c i t y gravity waves 
i n the atmosphere. 
Wasson and Hyde (1983) tested Wilson's theory on longitudinal 
dunes i n the p a r t i a l l y inactive dunefields of longitudinal dunes i n 
Australia. They found a continuum between dunes and draas, on the 20th 
percentile t o bedform spacing p l o t . However, these dunefields are rad-
i c a l l y d i f f e r e n t from those i n the aforementioned studies. Wasson and 
Hyde suggested that vegetation and f i n e grained sediment source may have 
caused t h i s difference. However, i t may be due to a more fundamental 
reason r e l a t i n g to the longitudinal dune type. 
A second c l a s s i f i c a t i o n of dunes i n t o : basic (simple), conpound, 
and complex was developed by McKee (1979a). 
Basic dunes forms include barchan, transverse, blowout, parabolic, 
dome, reversing, linear (longitudinal) and star (Fig. 9). 
Compound forms are a combination of two or more of the same type of 
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dune, i. e . parasitic dunes l y i n g upon larger dunes of a similar type. 
For instance, smaller parasitic barchans l y i n g upon larger barchans. 
(Glennie 1970, Fig. 78). McKee also included more similar size,active 
dunes which substantially overlapped, w i t h i n t h i s category. 
Complex dune forms are those composed of two or more d i f f e r e n t 
types of basic dune that have coalesced; or a basic form parasitic upon 
a larger but d i f f e r e n t form ( c f , Plate 14). For instance, linear dunes 
with star dunes on t h e i r crests (McKee 1979.a, Fig. 14.a). 
This c l a s s i f i c a t i o n by McKee i s based e n t i r e l y upon a simple hier-
archy of dune forms. I t does not require knowledge of bedform spacing 
or aeolian grain-size d i s t r i b u t i o n . I t i s also universally applicable. 
Therefore t h i s c l a s s i f i c a t i o n i s better suited f o r the c l a s s i f i c a t i o n 
of ancient aeolian bedforms. 
However, the f i r s t i n t e r p r e t a t i o n of ancient aeolian bedforms with 
recognition of these largest scale bedforms, used Wilson's c l a s s i f i c a -
t i o n (Brookfield 1977). Brookfield studied the geometry of Permo-
Triassic dune deposits exposed i n faces i n quarries i n southern Scot-
land. He suggested that three orders of bounding surface could be dis -
tinguished (Fig. 25). He observed that extensive, planar, f i r s t - o r d e r 
surfaces, cut gently dipping second-order surfaces, which i n turn bound 
aeolian cross st r a t a . Minor third-order surfaces cut cross sets but 
were themselves cut by the second-order surfaces (Fig. 25). 
Brookfield (1977) interpreted the f i r s t - o r d e r surfaces to have 
been cut by draa migration (compound or complex dunes). He interpreted 
the second-order surfaces t o be due to superimposed dune migration ( f r e -
quently down the lee of slipfaceless draa). Third-order surfaces were 
interpreted as minor modification surfaces, due not to migration of 
superimposed dunes, but due to minor scour of the sLipface. This scour 
may have been due to a change i n wind v e l o c i t y or d i r e c t i o n (cf. Allen 
1979c, Steele 1981). 
Steele (1981) followed a similar c l a s s i f i c a t i o n and interpreta-
t i o n but divided the third-order surfaces, which he termed n o t i f i c a t i o n 
surfaces. These were divided i n t o modification surfaces i n dune s l i p -
faces, and modification surfaces i n draa slipfaces. 
This bedform and bounding surface hierarchy i s used for the subse-
quent disciission of aeolian*bedforms i n the Caherbla Group. However, 
the terms of McKee (1979) are used, f o r the reasons previously discussed 
Although the bounding surface hierarchy appears straightforward. 
108 
problems with i n t e r p r e t a t i o n may arise. For instance, a sllpfaced 
transverse compound dune may be preserved solely as a single thick 
cross-set. Should i t be considered to be a compound dune (or draa) 
solely on the evidence of i t s thickness? Brookfield (1977) used set 
thickness as a major piece of evidence. But i s I t r e l i a b l e i n a l l s i t -
uations? This question i s returned to upon examination of the Caherbla 
Group cross-bedded aeolian deposits. 
Further, modification surfaces may be confused with parasitic dune 
migration surfaces i n cosets. However, Wilson (1970) observed that 
winds over draas detached from the lee-slope when i t became steeper 
than 25°. Above t h i s angle, the lee-slope became sllpfaced. Therefore 
bounding surfaces steeper than 25° w i t h i n a coset, are probably modif-
ic a t i o n surfaces. Hence, i t i s also probable that the foresets of a 
parasitic dune w i l l Intersect with the underlying bounding surface at 
a greater angle than the angle of Intersection of dune foresets with an 
underlying modification surface (Fig. 25). 
4.10 The Aeolian Facies i n the Caherbla Group 
Having now determined a basis and framework f o r the description of 
aeolian bedfdrms, the aeolian deposits w i t h i n the Caherbla Group may 
be Interpreted i n more d e t a i l . 
Facies 11 - 14 are a l l cross-bedded aeolian sandstones which may 
have trough shaped or planar bounding surfaces, and form tabular to 
wedge-shaped sets. 
The ensuing descriptions are simple, because i n many cases, these 
facies are components of an assemblage which constitutes the deposit of 
a larger aeolian bedform. A general description and in t e r p r e t a t i o n of 
the sandstones has already been given. 
Descriptions (Fig. 24) 
a) Facies 11: Aeolian sandstone cross-sets over 2.5 metres th i c k , 
with foreset dip to the south or southeast, rarely to the southwest. 
b) Facies 12: Aeolian sandstone cross-sets over 2.5 metres th i c k , 
w i t h foreset dip to the north or northwest, very r a r e l y to the north-
east. 
c) Facies 13: Aeolian sandstone cross-sets less than 2.5 metres th i c k , 
with foreset dip to the south or southeast, rarely to the sotrthwest. . 
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d) Facies 14: Aeolian sandstone cross-sets less than 2.5 metres 
th i c k , w i t h foreset dip to the north or northwest, rarely to the 
northeast. 
In general, the thicker the cross-sets (facies 11 and 12), the 
wider the trough of the trough-shaped lower surfaces. The frequency of 
cross-set thicknesses appears t o show a natural d i v i s i o n at around 
2.5 metres (see Figs 41, 45, 50). 
Interpretation I t has long been recognised that aeolian dune migra-
t i o n may cause preservation o f cross-bedded aeolian deposits (Reiche 
1937, Shotton 1937, Bagnold 1941., McKee 1966). Facies 11 - 14 are i n -
terpreted as such deposits. Several theories have been proposed f o r 
the preservation of multistorey aeolian sandstone cross-sets (Stokes 
1968, Wilson 1970, 1971). However, most of the evidence supports 
Wilson's model f o r dunes climbing t h e i r predecessor, hence shoaling at 
a low angle (Fig. 13; c f . Ch. 2). I t should be noted that dunes may 
climb each other, even w h i l s t they are descending a larger aeolian 
bedform (Wilson 1970, 1972b, Brookfield 1977). 
Further discussion of the significance of these facies occurs i n 
Section 4.13 on the aeolian assemblages w i t h i n the Caherbla Group. 
e) Facies 15: Description Flat-bedded, p a r a l l e l or wavy-laminated 
bimodal medium t o coarse-grained sandstone. This facies i s markedly 
d i f f e r e n t from facies 11 - 14. The horiz o n t a l l y bedded u n i t s are never 
greater than 1.2 metres t h i c k . The p a r a l l e l laminae may be sharply 
defined due to maximum grain size contrasts. A l t e r n a t i v e l y , the lami-
nae may be wavy, forming small lenses .centimetres wide, w i t h occasion-
al r i p p l e forms and cross laminae v i s i b l e . Faint, inversely-graded 
laminae may also be observed. 
Interpretation A l l the features described are characteristics of dry 
interdune deposits.(McKee 1966, Ahlbrandt and Fryberger 1981). These 
characteristics are discussed i n d e t a i l i n Chapter 3. The aeolian 
r i p p l e formsets, inversely graded laminae and bimodal grain size f r e -
quency indicate that the interdune surface was dominated by aeolian 
processes. 
The dry interdune facies i s remarkably rare. This i s considered 
further i n the discussion of the sequences and palaeogeographies f o r 
the Group. 
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f ) Facies 16: Description Small s c o u r - f i l l deposits w i t h i n aeolian 
facies (Plate 10). The facies i s composed of r e l a t i v e l y steep or 
shallow-sided scours. These are often very concave (Plate 10). 
The scours l i e i n either interdune deposits (facies 15) or cut 
in t o the lower foresets of the aeolian cross sets (facies 11, 13, 14). 
In t h i s l a t t e r case, the same set continijed similar foreset deposition 
burying the f i l l e d scour w i t h i n the centre of the set (Fig, 24; Plate 
10). 
The scours are up t o 1.5 metres .wide and 50 centimetres deep. Some 
are v i s i b l e i n p l a i n view at Redcli f f at 226 metres (Fig. 50), and west-
ern Kilmurry Bay at 229 metres (Fig. 45). I n these cases, they appear 
to be shallow e l l i p t i c a l scours, perpendicular to main foreset dip 
(elongate ENE - WSW). The scours may be f i l l e d by poor to well sorted 
sandstone, a l l however with low clay content. The sandstone may be 
f i n e , medium or coarse-grained and occasionally may have bimodal grain-
size frequency. 
In the f i n e r sandstones, which often f i l l the shallower scours, 
mica drapes may occur, as i n the western Kilmurry Bay section at 240 
metres (Fig. 45). I n t h i s case, the shallow scour f i l l s are very low 
angle trough f i l l s . 
However, i n other cases, the scour f i l l s may be coarser and massive, 
containing blocks of laminated aeolian sandstone (eastern Kilmurry Bay 
section,22 metres). Other scour f i l l s a few metres lower at the same 
l o c a l i t y (Fig. 41), are cut i n t o interdune deposits, are medium to 
coarse-grained and bimodal i n part. These contain small aeolian cross 
sets, draped i n t o the scour from one or both margins. 
This facies i s volumetrically very rare. 
Interpretation The scours that are cut in t o lower foresets with 
trends near perpendicular to foreset dips are d i f f i c u l t to explain, as 
th e i r orientation would suggest that they were not cut by local runoff 
down dune slopes. This i s supported by the lack of any waterlain depo-
s i t s lower on the toe of the dune. 
However, the steepness and sharpness of th e i r margins and the pre-
sence of slumped blocks of laminated aeolian sandstone within-the 
scour suggest that the scours were caused by dune runoff. This may 
suggest that the rock face i n Plate 10 i s cut through the concave-'seg-
ment of an aeolian dune with a sinuous barchanoid f r o n t . This allowed 
storm runoff f r o n the cusps to be concentrated,to cut scours that run 
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Plate 9. Shallow aeolian trough cross-sets (facies 13 ) 
dipping toward the viewer. Tne assemblage ; OL 
facies 13 cross-sets are interpreted t o have 
been deposited by p a r a s i t i c barchan or 
barchanoid dunes descending a slipfaceless 
compound dune that migrated southwards (see 
section 4.13 ( 3 ) ) . Eastern Kilm-jrry Bay section 
35-43 metres, but s l i g h t l y o f f section l i n e 
(Fig. 41). Hamner i s 27 centimetres long. 
Plate 10 The lo>7er foreset of a tabular aeolian cross-set 
with planar foresets dipping to the south (facies 
11), Note the well defined la:Tiinae and possible 
10 centimetre thick small-scale s t r a t i f i c a t i o n 
cycles (see section 4.11). A 25 centimetre 
deep 30O>jr cuts the foresets (facies 16). The 
scour contains massive and poorly laminated sand-
stone. Also blocks of well-laminated sandstone. 
This i s interpreted as a waterlain scoar f i l l due 
to dune runoff. Eastern Kilmurry Bay section 21 
metres (Fig, 41). Hanwer i s 27 centimetres long. 
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obliquely across the ce n t r a l , concave portion of the slipface. 
These structures are important as indicators of severe rainstorms 
over the dunefield. They also indicate the sand i n the lower aeolian 
foresets gained a l i g h t cement soon a f t e r deposition. 
The scours cut i n t o the interdune deposit (eastern Kilmurry Bay, 
section 20 metres) may be due to runoff or aeolian d e f l a t i o n , although 
i t i s apparent that aeolian processes at least p a r t i a l l y f i l l e d them. 
The shallower scours f i l l e d with finer-grained sandstone (western 
Kilmurry Bay, section 2A0 metres; Fig. 45), again appear t o have been 
cut into cohesive sediuients. This again suggests that r a i n moistening 
had occurred. The gentle e l l i p t i c a l nature of the scour suggests that 
aeolian d e f l a t i o n had caused the scour to form ( c f . Glennie, 1970, pp. 21-
28). The subsequent fine-medium grained sandstone laminae with mica 
may be due to adhesion caused by further moist periods. 
g) Facies 17: Description Moderately to very well sorted, p a r a l l e l -
laminated sandstone with inverse-graded laminae. The facies i s grey-
purple or orange, moderately to well-sorted, medium grained sandstone. 
This l i e s i n parallel-laminated sheets between 2 and 60 centimetres 
thick. The laminae composing the beds are sometimes inversely-graded, 
suggesting that they were formed by aeolian r i p p l e migration (see Ch. 
3.2.n)(Hunter 1977). Occasionally, high index r i p p l e forms may also be 
observed. 
Interpretation The inversely-graded laminae and high index ripples i n -
dicate the deposit to be an aeolian sheet sand. However, the deposit 
does not have a b l j i K x i a l grain size frequency. This suggests that i t may 
have been deposited instead as an aeolian plane bed due;to wind v e l o c i -
t i e s that were frequently i n excess of that at which ripples may form 
(c f . Bagnold 1941, Glennie 1970, Clemmensen and Abrahamsen 1983), This 
has also been discussed i n Chapter 3. 
This facies i s also very rare. 
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4.11 Small-Scale S t r a t i f i c a t i o n w i t h i n Facies 11 - 17 
Having how determined a framework i n which to describe and int e r p r e t 
the aeolian bedforms i n the Caherbla Group, the nature and d i s t r i b u t i o n 
of small-scale s t r a t i f i c a t i o n types can now be discussed. 
Small-scale s t r a t i f i c a t i o n types have been defined, and i n i t i a l l y 
discussed i n the previous Chapter (3.2.n). Some of these s t r a t i f i c a -
t i o n types can be found w i t h i n facies 11 - 17 and can be useful i n i d -
e n t i f y i n g them as aeolian. They also help to indicate which aeolian 
processes operated on specific parts of bedforms. However, the s t r a t -
i f i c a t i o n types can only be recognised i n some exposures, and then, not 
across an entire exposure. This may be due to the high qu a l i t y of sort-
ing and hence l i m i t e d v a r i a t i o n i n grain size, as well as the variab-
i l i t y i n q u a l i t y of exposure. 
Because of this,a quantified study of the d i s t r i b u t i o n of small-
scale s t r a t i f i c a t i o n types i s not possible, although sane more general 
cotments on t h e i r d i s t r i b u t i o n remain possible. For brev i t y , the term 
small-scale s t r a t i f i c a t i o n i s replaced by *lamina' or 'strata', where 
applicable, i n the following t e x t . 
a) Type a: Description (Plate 11) The strata are camionly medium-
grained, inversely-graded and 0 . 2 - 1 centimetre thi c k . These are often 
r e l a t i v e l y extensive and of constant thickness, although occasionally 
cut out by overlying laminae. This s t r a t i f i c a t i o n type i s conmon, 
both i n the aeolian dune-facies (facies 11 - 14), and i n the rare h o r i -
zontally bedded aeolian units (facies 16, 17). 
Where recognised, these laminae often form the greater proportion 
of the lower foreset and foreset toe. I n some foresets, they remain 
common up to angles of 15 - 26*^ . Rarely, inversely-graded laminae were 
seen to l i e immediately below high-index r i p p l e s , which are occasion-
a l l y observed to be inversely-graded. The ripples often climbed up or 
to the west on foresets which were dipping t o the south or southeast. 
Interpretation Bagnold (1941) observed that aeolian ripples have 
coarser-grained crests and finer-grained troughs. Later, t h i s was app-
l i e d by Hunter (1977) to prove experimentally that climbing aeolian 
ripples w i l l leave laminae that coarsen upwards. These laminae w i l l 
have sharp bases i f the ripples climbed at less than the angle of t h e i r 
slopes. 
Actual r i p p l e foresets are very rarely recognised w i t h i n the 
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laminae (Sharp 1963), due to the high degree of sorting and r a r i t y of 
preservable drapes on the ripples (Mueller 1969, Hunter 1977). 
As previously stated, t h i s small-scale s t r a t i f i c a t i o n type frequ-
ently predominates i n the toes and lower foresets of the aeolian cross-
sets and i n the horizontally bedded aeolian deposits. This suggests 
that for much of the time, these areas of the deposits were wind-
rippled. 
Xhe'.foresetsroften.suggest dime-migration towards: the southeast, 
and the wind-ripple strata and wind ripples form these foresets. I t 
i s therefore l i k e l y that the wind vortex i n the lee of the dune was ca-
pable of. r i p p l i n g the lower foreset ( c f . Hunter 1981; Clemmensen and 
Abrahamsen 1983). 
• As wind ripples were observed to cllinb foresetS:to the north or 
west, one may suggest that these wind vortices s p i r a l l e d along the dune 
fronts to the southwest. 
b) Type b: Description Thin, l i g h t green s i l t or f i n e sand laminae 
1 to 3 millimetres t h i c k which are recognised i n aeolian foresets i n 
well-exposed sections. These laminae may be inversely graded, normally 
graded or ungraded. They may alternate with t h i n , 2 millimetre (ra r e l y 
up to 5 millimetre)-thick,inverse-graded laminae composed of medium-
grained sandstone (small-scale s t r a t i f i c a t i o n type a ) . Together these 
two types may form u n i t s a few centinietres thick. 
Occasionally, aeolian ripple..forms are associated with the medium-
grained inversely-graded laminae (type a). These ripples may be covered 
by a t h i n green s i l t drape. S i m i l a r l y , the green s i l t drapes may be 
seen covering aeolian foresets containing r a i n p r i n t s and buarrows. They 
also occur occasionally upon modification surfaces. I t has been observ-
ed that w i t h i n the aeolian dune sets, the f i n e sand and green s i l t 
s t rata (type b) may form.a foreset at a regular spacing, i. e . they 
may form foresets at frequencies of between 10 and 240 centimetres apart 
at the level of 20^ foreset dip. 
Interpretation As the type b laminae may be extensively and minutely 
interbedded w i t h inversely graded sandstone laminae, i t appears that 
they were deposited w h i l s t r i p p l e migration occurred. As the green s i l t 
also occurs as t h i n laminae draping the aeolian r i p p l e forms, at least 
some of the s i l t laminae appear to have se t t l e d from suspension i n the 
wind. They are frequently interbedded w i t h t h i n inversely-graded sand-
stone laminae,interpreted as deposits of wind ripples climbing at a low 
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angle. This suggests that weak winds allowed aeolian r i p p l e migration 
at very low angles of climb, possibfy accompanied by green s i l t and fi n e 
sand deposition from suspension. Hence the green s i l t would be pres-
erved at the base of the lamina. 
The type a and b multistorey assemblages form foresets wit h a 
regular spacing i n some sets. I t i s therefore possible that they are 
due to a seasonal wind l u l l , or a wind l u l l that occurred with more f r e -
quent r e g u l a r i t y . Stokes (1964) and Hunter and Rubin (1983) found : 
cycles of a similar scale i n the Navajo sandstone, western U.S.A. A l l 
suggest that these must have been annual increments to explain t h e i r 
r e g u l a r i t y . Rubin and Hunter tested the resultant migration rates ag-
ainst necessary wind speeds and found that the cy c l i c increments to the 
cross-set were most l i k e l y to be annual. 
The dune cross-set > i n Plate 10-is the lower part of a dione that 
probably reached 10 metres high (Fig. 41, 21-- 26 metres). In the 
plate, regular cycles on a 10 - 20 centimetre thickness can be observed. 
Based on the graph of dune height versus wind speed, i n Hunter and Ru-
bin (1983), f o r a migration rate of 20 cm./yr, mean annual wind speed 
10 metres above the crest would have to have been less than two metres 
per second on average. 
Far larger cross-sets at Redcl i f f (Figs 26, 50)(Plate 12) appear to 
have cycles on a 10 to 20 centimetre scale, and on a larger scale of 
approximately 1 metre (Plate 12). These sets may have formed dunes 
well over 20 metres high and i n some cases double that. I f the smaller 
scale cycles are annual, based upon Hunter and Rubin's graph, the mean 
annual wind speed varied rougjily between 2 and 3 metres per second. I f 
the 1 metre cycles were annual, the mean annual wind speed would be 5 -
6 metres per second at Redc l i f f . 
c) Type c: Description The small-scale strata are composed of • 
medium-grained sand and are 0 . 1 - 1 centimetre thick. The units are 
normally graded. The high degree of sorting of some of the sandstone 
makes recognition of grading d i f f i c u l t , p a r t i c u l a r l y when a stratum may 
only be a few grains thick. Many of these type c small scale strata are 
extensive and show marked maximum grain size contrasts with t h e i r over-
l y i n g and underlying neighbours. 
Interpretation Normally graded sandstone laminae on aeolian dune fore-
sets have been demonstrated to form by g r a i n f a l l from suspension (Fry-
berger and Schenk 1981). However, Fryberger and Schenk have also shown 
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that more r a r e l y , g r a i n f a l l laminae may be inversely graded, due to a 
wind gust of increasing strength. However, normally graded sandstone 
laminae were exceptionally r a r e l y recognised. This suggests that a 
negligible number of the inversely graded laminae are g r a i n f a l l deposits 
d) Type d: Description The small-scale st r a t a are composed of 
medium-grained sand and are 0.1 - 0.5 centimetres t h i c k . They are also 
extensive, w i t h marked maximum grain size contrasts with underlying and 
overlying laminae. However, i n these deposits, grading or inverse gra-
ding could not be recognised. 
Interpretation I t i s probable that these small-scale strata were 
caused by wind r i p p l i n g and g r a i n f a l l . However, because of the high de-
gree of sorting of the sand, and the thinness of some of the s t r a t a , 
grading or inverse grading are not apparent. This type of stratum i s 
unfortunately common. 
e) Type e: Description This type of small-scale s t r a t i f i c a t i o n i s 
composed of medium to coarse-grained sandstone which commonly appear 
ungraded or more r a r e l y , s l i g h t l y inversely graded. 
The st r a t a are generally 0.5 to 5 centimetres t h i c k , but reach 14 
centimetres t h i c k i n the R e d c l i f f section (Plate 12). They are t h i n 
and "rarely recognised i n the Kilmurry Bay sections. Some of the thick-
er units may be two s t r a t a , the base of the overlying stratum having 
mixed with the top of the underlying stratum. Traces of the bounding 
surface can be found i n most of these thicker coalesced u n i t s . 
Individual type e strata are sometimes observed to form lenses 
with axes trending down a foreset. A lens 3 centimetres thick may be 
at least several metres wide. The type e strata are also seen to wedge-
out down foreset. This occurs consistently at 15° i n a 4.6 metre t h i c k 
dune set i n Curra-heen Glen (Fig. 19), which has p a r t i c u l a r l y concave 
foresets i n v e r t i c a l section. In other, larger sets exposed i n the 
Redcl i f f and Bunaneer shore (Fig. 19), the type e s t r a t a appear to die 
out rapidly between 20° and 28° (Fig. 23). 
Interpretation The lens-shape of the strata i n plan view, t h e i r down-
dip wedge out, coupled with t h e i r r e l a t i v e coarseness and occasional 
inverse grading, are features characteristic of sand avalanches down 
dune slipfaces (Cornish 1897, Bagnold 1941, Hunter 1977, McKee -
Fig. 13 i n Ahlbrandt and Fryberger 1982, Clemnensen and Abrahamsen 
1983). 
These sandflow st r a t a were sparsely recognised throughout the 
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Plate 11. A multistorey sequence of inversely graded small 
scale st r a t a i n the lower foresets of a small 
cross-s:3t i n aeolian sandstone (facies 13), 
Tha small-scale strata are interpreted as the 
deposits of sub-climbing wind r i p p l e s ( c f . 
Hunter 1977). Fainl traces of small burrows 
or r o o t l e t s can ba observed. Eastern Kilmurry 
Bay section 35 metres (Fig. 41). Plan view. 
CentLmetre squares on scale. 
Plate 12. Small-scale strata up to 13 centimetres t h i c k i n 
multistorey u n i t s . These are interpreted as 
large s.andfla^? deposits. These l i e w i t h i n a 
thick 3-3olian cross-set (facies 11). Tne 
cross-set i s interpreted as t h ^ deposit of 
a slipfaced barchan or barchanoid compo^jnd dune, 
which migrated to the so'atheast (the l e f t i n 
photo). The sandfioi^ strata can be seen to 
increase i n fre-quency and scale t o the l e f t , 
u n ' i l sharply terminated. The thinner strata 
wiiere .identifiable are both Lnversely graded 
and normally graded. The cycle of increasing 
sandflow may be sea3onal. I t could also rep-
resent the avalanche of a parasitic dune 
over the compound djne slipface. R e d c l i f f 
shore pla?:form by r i v e r . Plan view. 
Ten cen.timetre scale. 
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aeolian dune deposits i n the Caherbla Group. 
This may be due to lack of recognition of them, due p a r t l y to poor 
exposure i n some sections. I t may also be due to t h e i r reworking by 
other aeolian processes operating on the lower dune flanks. I n unveg-
etated dunes up to 10 metres high i n Oregon and Texas, Hunter (1977) 
observed that sandflow strata comnonly dipped at a minimum of 28^. 
Therefore, i n dune, sets which have been truncated at or below the point 
of 28° foreset dips, sandflows may be rare. However, as described 
above, i n unusual examples i n the Caherbla Group, where the foresets 
swing rapidly from high to low dips, the sandflows may extend down to 
15°. This appears to occur more frequently i n the analler dune sets 
which were probably created by smaller dunes. 
The thickness of some of the sandflow s t r a t a i s considerable, but 
i s conparable to those described by Steele (1981) i n the aeolian Bridge-
north sandstone i n northwest England. 
Kocurek and Dott (1981) demonstrated that thicker sandflows occur-
red on high dunes. Steele (1981) applied the derived graphical relation-
ship to the Permian Bridgenorth sandstone. He found that the 
ancient sandflow thicknesses suggested aeolian bedforms to be far high-
er than the modern dunes (up to 10 metres high) i n Kocurek and Dott's 
study. This suggests that the aeolian cross sets at R e d c l i f f i n the 
Kilmurry Formation were also part of slipfaced aeolian bedforms that 
were far more than 10 metres high. 
f ) Type f : Description These laminae are composed of single layers 
of coarse grains up to 1 centimetre diameter. These clasts may be very 
angular to very rounded. They l i e on the surface of sandy f l u v i a l dep-
os i t s (facies 3, 5, 6, 7, 8). The grains are sparsely but evenly 
spread on the surface and are frequently coarser than the deposit they 
l i e on. However, that underlying deposit may contain occasional grains 
of a similar size. 
These laminae are very rarely recognised. 
Interpretation The features described above are characteristic of lags 
created by aeolian d e f l a t i o n (Bagnold 1941, Steidtmann 1974). 
These d e f l a t i o n lags have been recognised w i t h i n the uppermost 
f l u v i a l u n i t s i n the Annascaul sequence (Figs 38 and 39), and rarely 
w i t h i n the f l u v i a l u n i t s i n the lower part of the western Kilraurry Bay 
sequence. 
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MAIN SANDFLOW 
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FIG. 23. THE RELATIONSHIP OF AEOLIAN SMALL SCALE STRATIFICATION TYPES 
TO A THICK DUNE SET. BUNANEER SHORE PLATFORM. 
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g) Small-scale S t r a t i f i c a t i o n : Conclusions Several types of small-
scale s t r a t i f i c a t i o n have been recognised. However, i t i s only i n very 
rare cases that a l l the small-scale st r a t a i n a cross-set can be iden-
t i f i e d . The reasons f o r t h i s have already been discussed. 
Allowing f o r these constraints, the following general conclusions 
can be reached. 
The lower and middle foresets of aeolian cross-sets are often 
v i r t u a l l y wholly composed of laminae created by wind r i p p l e migration. 
Green s i l t laminae associated w i t h the wind r i p p l e laminae may 
represent g r a i n f a l l w i t h wind r i p p l i n g during periods of decreased wind 
v e l o c i t i e s . These occur i n regular, broadly-spaced pulses. Therefore 
they may mark an annual cycle of aeolian deposition and hence indicate 
the migration rates of the dunes ( c f . Hunter and Rubin,1983). 
Sandflow strata occur, but are generally rare. They are gener-
a l l y only found at dips of over 25°, although i n occasional small dunes 
with a sudden change i n angle between the steep and low-angle segments 
of the foreset, they may extend down to 15° foreset dip. 
The thickness of some of the sandflow strata suggest that some 
dunes were f a r more than 10 metres high ( c f . Kocurek and Dott 1981). 
A case study of the relationship between foreset d ip and small-
scale s t r a t i f i c a t i o n type i s presented i n Figure 23. 
4.12 Introduction to Assemblages of the Aeolian Facies 
The characteristics and c l a s s i f i c a t i o n of modem aeolian bedforms have 
now been introduced; the basic aeolian facies w i t h i n the Caherbla 
Group have been described and interpreted; f i n a l l y , the types of small-
scale s t r a t i f i c a t i o n have been interpreted. Only now may assemblages 
of aeolian facies w i t h i n the Caherbla Group be examined. 
The aeolian assemblages are of great significance, as i n some 
cases, several aeolian facies are believed to constitute the remains of 
a larger more complicated aeolian bedform. 
Although the aeolian facies have been defined and interpreted, 
they must be given q u a l i f y i n g suffixes i n order to define t h e i r r e l a -
tionship to any larger aeolian structure they may l i e upon (Figs 24 
and 25). 
An angle of 5° has been taken as the angle above which an aeolian 
dune structure (facies 11 - 14) has s i g n i f i c a n t l y ascended or descended 
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THE AEOLIAN FACIES 
FACIES 11 S . N FACIES 12 S 
>2.5M 
AN AEOUAN DUNE SET > 2^M 
THICK WITH SOUTHWARD 
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BIMODAL GRAIN SIZE FREQUENCY 
FACIES 
15 
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<20"' 
PERPENDICULAR 
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DUNE DEPOSIT) 
(AEOUAN DUNE TROUGH R U J 
FIG. 24. DEFINITIONS FOR THE AEOUAN FACIES WITH SUFFIXES FOR 
DEFINING THE GEOMETRY OF AEOUAN FACIES ASSEMBLAGES 
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an underlying aeolian structure. Structures climbing at angles of less 
than 5° may simply have migrated across'^the dunefield without being 
part of a basic dune with complicated internal geometry, or a compound 
or complex dune ( c f . Wilson 1970. 1972b, Brookfield 1977). 
The Qualifying Suffixes (Figs 24, 25) 
UB - Up back: The set climbs at an angle of over 5° i n a roughly 
similar d i r e c t i o n to the underlying set's foreset dip d i r e c t i o n . 
DB - Down back: The set descends at an angle of over 5° i n a rcughly 
opposed d i r e c t i o n to the underlying set's foreset dip d i r e c t i o n , 
UF - Up f r o n t : The set ascends an an angle of over 5° i n a di r e c t i o n 
roughly opposed to the underlying set's foreset dip d i r e c t i o n . 
DF - Down f r o n t : The set descends at an angle of over 5*^  i n a direc-
t i o n roughly similar to the underlying set's foreset dip d i r e c t i o n . 
In a l l four of these cases, the defined bounding surface is rough-
l y similar to the underlying set's foreset dip d i r e c t i o n . 
I t i s also apparent that there may be some o b l i q u i t y i n the 
dir e c t i o n of ascent or descent by the sets i n r e l a t i o n to th e i r pre-
decessors. However, i n the Caherbla Group t h i s i s rarely great (see 
Figs 41, 45). 
Other suffixes include: 
t - A troughed, aeolian erosional surface, where recognisable i n out-
crop. This does not imply that those fades without ( t ) do not have 
trough-shaped bases, as they may not be recognisable due to the small 
size or wrong orien t a t i o n of the outcrop. 
c - A recognisable channel which i s f i l l e d by an aeolian outcrop. 
m - A modification surface; a minor bounding surface w i t h i n a coset, 
which was not caused by parasitic dune migration. This surface may have 
been due to a change i n wind d i r e c t i o n or velocity. 
The assemblages may now be described, each type being denoted by 
a l e t t e r , the l e t t e r i n g continuing from the a l l u v i a l fan and f l u v i a l 
assemblages. 
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FIG. 25 INTERPRETATIONS OF THE AEOLIAN FACIES ASSEMBLAGES 
4.13 The Assemblages 
G. Description Cosets of sets w i t h roughly u n i d i r e c t i o n a l l y dipping 
foresets. The sets either descend or ascend the underlying set at 
an angle of less than 5^ (Fig. 25). A t y p i c a l assemblage may be 
11.11.11.13 (Fig. 25). 
Interpretation Each set i s interpreted as the product of a transverse 
dune. The dunes may have i n some cases been more sinuous, barchanoid 
forms (Fig. 9). This may be suggested by the presence of troughed 
basal surfaces to the sets ( t ) or by broader unimodal spreads of fore-
set dip d i r e c t i o n , w i t h i n a sequence of apparently unidirectional dune 
sets (Fig. 52)(Glennie 1970, Fig. 68). 
Some of the thicker sets i n .these assemblages w i t h i n the Redcliff 
section (Figs 26, 50) reach over 20 metres thick. I f one follows the 
reasoning of Brookfield (1977) and Steele (1981), these would have been 
deposited by slipfaced draa (probably compound dunes). 
I f p a r a s i t i c dunes were periodically avalanching over the draa 
slipface, one may expect a pulse of sandflows f o r each dune that c o l l -
apsed down the surface. Unfortunately too few sandflow strata are ob-
served to test t h i s . However, i t could explain the multistorey pulses 
of sandflows i n the Redc l i f f shore section (Plate 12). 
H. Description This assemblage i s formed from stacked, frequently 
thick sets. The foresets dip i n opposing directions i n alternate, i n -
terbedded sets. Each set descends i n an erosional surface dipping at 
between 5° and 20° down the 'back' of the underlying set (Fig. 25). 
The erosional surface may be r e l a t i v e l y planar, although i n the Minard 
Head section, i t i s a giant shallow trough at least 100 metres wide 
(Plate 15). Foreset dips w i t h i n any of the sets are very rarely over 
25*^  and foresets appear to be dominated by wind r i p p l e s t r a t i f i c a t i o n . 
Specific examples of t h i s assemblage have the following configur-
ations. 
a) 11.12 DB (Eastern Kilmurry Bay - 110 metres, but o f f section l i n e , 
Minard Head, assemblage at least 35 metres high, Plate 
15; Figs 30, 41). 
b) 13.12 DB (Western Kilmurry Bay - 245-251 metres. This could be an 
unusually oriented trough however; Fig. 45). 
c) 13.14 DB (Eastern Kilmurry Bay 25-28 metres; Fig. 41). 
Interpretation,./.. 
These assemblages are i n i t i a l l y interpreted as the deposits of simple 
dunes. As indicated i n Figure 9 and Plate 13, reversing 
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COMPOUND DUNE _ 
BOUNDING S U R F A C E 
C 0 8 E T ( A S S E M B L A G E I ) 
/ PBTIEHT 
m OUNE MODIFICATION 
COMPOUND D U N E -
BOUNDING S U R F A C E NO E«POSU(>e O B 
H I I L C H E E P 
C P F F P D I S T O R T I O N on 
I N T F R P O I . A T I O N 
FAULT 
FIG. 26. RETILTED SECTION FROM 109-139 METRES AT REDCLIFF 
(SEE FIG. 50.b). THE 23 METRE THICK C O S E T IS INTERPRETED AS 
THE DEPOSIT OF A DUNE WHICH WAS BARCHAN OR BARCHANOID 
SLIPFACED AND PROBABLY COMPOUND. IT MIGRATED TO THE S E . 
NOTE THE MODIFICATION SURFACES CONCENTRATED IN ITS UPPER 
HALF. 
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dunes are commonly transverse or barchanoid dunes with crests whose 
slipfaces p e r i o d i c a l l y reverse t o the opposing d i r e c t i o n . 
Reversing dunes have been described by many workers i n many regions 
of the world (Central Asia - Cornish 1897; Petrov 1966, 1976; Breed et 
a l . 1979; Abu Dhabi - Glennie 1970 Fig. 72; North Africa - Bagnold 
19793, p. 242; Great Sand Dunes, U.S.A. - Merk i n McKee 19^1, Andrews 
1981; Antarctica - Lindsay 1973 p. 1799). 
Few of these reports gave many d e t a i l s , but most did recognise the 
reversal of the dune crestal migration d i r e c t i o n . The frequent steep-
ness of the dune stoss side (15°) and low angle of the dune lee slope 
(15°) were also noted. This caused a dune with a remarkably symmetri-
cal cross section (Andrews 1981, Fig. 6). 
As noted by Sharp (1966) and McKee (1979a:) on the Kelso dunes of 
California , the lack of high angle foresets may mean that slipface de-
posits are r e l a t i v e l y scarce. Sharp (1966) also observed that the 
dune crestal area showed the most complex bedding relationships and the 
greatest thickness of reverse foresets. Scouring and modification of 
the dune lee and stoss slopes during each period of reversal has also 
been noted (Sharp 1966, Merk i n McKee 197.9.a, Andrews 1981). This causes 
modification surfaces to occur on the lee and stoss. The surface cut-
t i n g down the stoss slope may be followed by the reversed crest fore-
sets. (Merk i n McKee 1979a). 
The formation of reversing dunes appears to be related to periods 
of roughly opposing winds that blow i n these areas during the year 
(Kelso Dunes, U.S.A. - Sharp 1966; Great Sand Dunes. U.S.A. - Andrews 
1981). In most cases, one of the winds prevails w h i l s t the other i s a 
shorter period but stronger, storm wind (Petrov 1976 p. 224). The 
prevailing wind normally dictates the long-term dune migration direc-
t i o n (Sharp 1966, Petrov 1976, McKee 197.9a, Andrews 1981). 
As there i s a long term, a l b e i t slow dune migration, many of the 
reversals which are concentrated near the crest may not be preserved 
(see Andrews 1981, Fig. 6). 
Transverse, or barchanoid reversing dunes are found i n a variety 
of settings. F i r s t l y , i n coastal areas, as in Lima, Abu Dhabi (Glennie 
1970, Fig. 72), and Lagoa, Brazil (Bigarella 1972, 1979). Secondly, i n 
the intermontane, Ala Shan desert i n Northern China (Petrov 1966, 
Breed et al_. 1979). In th i s example, complex crescentic dunes with 
reversing ridges l i e on the flanks of the sandsea. Compound crescentic 
(barchanoid) ridges form the core of the sandsea, whilst a narrow belt 
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Plate 13. Small, transverse coastal dunes with some o b l i q u i t y 
(20*^?) to the prevailing wind. Note the consistent 
d i r e c t i o n of wind r i p p l e migration i n the vortex 
i n the lee of the dunes. The r e l a t i v e l y symmetrical 
p r o f i l e of each dune (from stoss to lee) i s also 
p a r t l y created by an evening wind reversal. This 
causes sand to migrate seawards to accumulate 
against the slipfaces created by the prevalent,day-
time, onshore wind. Ruwi beach, Muscat, Qnan. 
Post i n foreground i s 70 centimetres high. 
Plate 14. The main northern margin of the Wahiba dunefield 
at Al M i n t i r i b , Oman. The dunefield margin 
(background) forced Wadi al Batha to run to the 
east-southeast (from f r o n t r i g h t to back l e f t of 
photo). The wadi (foreground) i s approximately 
one kilometre wide, and has margins that slope 
at only a few degrees. I t contains both sand 
and gravel from the mountains 12 kilometres to 
the north ( f r o n t l e f t ) . The surface i n the fore-
ground i s a wind rippled sand sheet on the wadi 
f l o o r . 
With increased r a i n f a l l since the Pleistocene, 
the wadi has migrated southward w h i l s t flowing 
southeastward (Glennie 1970). The dunefield 
margin has therefore acted as a channel margin, 
and the 'compound dune' slipface i s probably 
undercut by rare major floods ( c f . Glennie 1970) 
and may have been created i n t h i s way. The houses 
i n the trees on the r i g h t are 400 metres from the 
beginning of the 'compound dune' or 'draa' slipface 
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Plate 15. The Minard Head section. View toward the west. 
An aeolian cross-set at least 20 metres t h i c k con-
s t i t u t e s the lower h a l f of the c l i f f . I t s fore-
sets dip to the south, indicating southward 
migration. I t i s caused by toesets of an over-
l y i n g southward shoaling dune, which climbed at 
5 - IQO. A smaller, large cross-set l i e s on the 
toeset of the top, shoaling dune, and i s composed 
of foresets dipping toward the northwest. This 
was a reversed dune, that may have descended the 
stoss slope of the lower transverse or barchanoid 
dune (see Fip. 25). The c l i f f face i s 30 metres 
high. Skcf^p f o r scale. 
Plate 16. The Minard Head section. View toward northeast, 
from east side of Bay. Same giant, lower cross-
set with foresets dipping south. Set thickness 
25 metres. Base at sea l e v e l . Note that i n the 
irmiediate foreground, 1 - 3 metre t h i c k cross-
sets climb northwards, w i t h i n t h i s giant u n i t . 
Therefore the u n i t i s a coset i n some sections. 
I t was therefore a compound barchanoid-trans-
verse dune with parasitic dunes that could 
reverse (Fig. 25). A d i s t a l interdune flood 
assemblage (F), several metres t h i c k , caps the 
succession, lying-impounded on-the aeolian dune 
shoaling surface observed i n Plate 15. 
(See Figs 32. 33). 
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of star dunes l i e on the outermost margins. The reverse dune migration 
directions are frequently p a r a l l e l to adjacent mountain margins. 
Similarly, i n Sahra Awbari i n northwest Libya, complex crescentic dunes 
with reversing ridges migrate p a r a l l e l to the northern mountain f r o n t . 
This is probably due to wind channelling along the f r o n t . The reversing 
dunes in the southwest U.S.A. are v i r t u a l l y a l l i n intermontane basins. 
In Kelso dunefield, the dunes migrate along the basin axis (Sharp 1966). 
However, i n the Great Sand Dunes, U.S.A., the dunes migrate perpendic-
u l a r l y to the basin trend toward the mountain margin (McKee 1979b, Andrews 
1981). 
In a l l the examples of non-coastal dunefields c i t e d above, the 
transverse or barchanoid, simple, compound or complex dunes with rever-
sing crests or ridges a l l l i e i n linear basins or near mountain fr o n t s . 
These topographic features appear to resolve the wind regiine into a bimodal 
pattern generally, either p a r a l l e l t o , or perpendicular to a mountain 
fro n t (cf. McKeel979b, p. 106). 
In coastal p l a i n settings, the cause of the two opposed wind direc-
tions, is frequently a seasonal monsoon wind (Glennie 1970, p. 88). 
Complex longitudinal dunes i n the Namib desert also have reversing 
crests covered by barchanoid forms and star dunes (Breed and Grow 1979 
Fig. 163). Again, a bimodal wind regime occurs with onshore winds 
alternating with winter winds blowing o f f the mountains (Fig. 6)(Breed 
et a l . 1979, p. 352). 
However, the Caherbla Group reversing dune deposits have an over-
a l l migration d i r e c t i o n that i s similar to the unidirectional transverse 
and barchanoid assemblage. Therefore i t i s very probable that they are 
also transverse or barchanoid forms with reversing crests. 
I t i s possible that the postulated f a u l t scarp to the south of the 
Peninsula during the period of deposition of t h i s Group (Horne 1975, 
1976) caused or enhanced the bimodal wind regime. This would be a sim-
i l a r setting to the currently active Great Sand Dunes, U.S.A. (cf. 
McKee 1979b, Andrew 1981)(Ch. 2,2 and 2.8; Fig. 4). 
Reversing dunes have been rarely reported from other ancient depo-
s i t s . Reversals may occur i n the Triassic, GipsdalenFormation of east 
Greenland (Clemnensen 1978). In t h i s example i t i s suggested that the 
area lay i n the northern hemisphere trade wind belt and was subject to 
changes i n wind d i r e c t i o n associated with the seasonal migration of the 
i n t e r t r o p i c a l convergence zone. 
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Poorly exposed aeolian dune deposits i n the Upper Devonian, Knox 
Pulpit Formation, Scotland, also appear to contain dune reversals 
(Chisholm 1984, pers. comm.; Mader and Yardley 1985). 
I . Description The assemblage i s composed of sets, with foresets 
descending down the 'fronts' of underlying sets (DF). These commonly 
occur as 11 m.l3 DF.13 DF.13 DF. (Fig. 25). 
This assemblage i s moderately comnon, occurring i n the eastern 
Kilmurry Bay section betveen 29 and 45 metres (Figs 31, 41), 102 and 
112 metres, and 115 and 122 metres (Figs 30. 41). In (Xirraheen Glen 
(Figs 19, 27), an excellent oblique section through t h i s assemblage 
occurs (Plate 17). This assemblage may also occur with the Redcliff 
section (Figs 26, 50), but there i s d i f f i c u l t y i n d e f i n i t i o n between 
modification surfaces and parasitic dune migration surfaces at that 
l o c a l i t y . 
Interpretation The sets are again interpreted as the products of tran-
sverse or barchanoid dunes. The sinuosity of the basic bedforms i s 
again estimated on the spread of foreset dip directions and the presence 
or absence of trough-shaped bounding surfaces. 
As the sets descend at an angle of over 5°, they are believed to 
be descending the f r o n t of a slipfaceless compound dune (draa). A l l the 
assemblages of such compound dunes appear to have migrated to the south-
east and south. 
J. Description At several l o c a l i t i e s , assemblages contain sets which 
ascend the f r o n t and lee of the main underlying set at an angle of more 
than 5° (UF). Examples of t h i s assemblage are: 
a) 12.13 UF (Western Kilmurry Bay 290-297 metres; Figs 28, 45; Plate 
18). 
b) 11.12 UF (Minard Head; Fig. 19; Plate 16). 
c) 11.14 UF (Eastern Kilmurry Bay 41 metres; Figs 31, 41). 
d) 14.13 UF? (Western Kilmurry Bay 241 metres; Fig. 45). 
In examples a) and b) the bounding surface between the units ap-
pears to be non-erosive. 
Interpretation These geometries suggest that reversed dunes climbed 
the lee slope of larger opposed bedforms. This indicates that the over-
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THE TROUGH S E T S INDICATE THAT * 
THE SIMPLE PARASITIC DUNES W E R E BARCHAN 
OR POSSIBLY BARCHANOlO 
P A R A S I T I C 
D U N E S M I G R A T I N G L O B E 
E S E H E R E 
COMPOUND 
DUNE MIGRATING 
BE 
THEIR E S E MIGRATION DIRECTION S U G G E S T S THAT THEY W E R E DEPOSITED 
ON THE EASTERN FLANKS OF L O B E S ON THE COMPOUND DUNE L E E S L O P E S ( S E E INSET) 
FIG. 27, GEOMETRY OF TWO UNIDIRECTIONAL COMPOUND DUNE COSETS 
CURRAHEEN GLEN. 
Plate 17. Curraheen Glen. Two giant cosets of tabular cross-sets. After r e t i l t the tabular sets 
dip eastward at 10 - 15*^ , whilst t h e i r foresets dip to the southeast at up to 30°. 
(The foresets are poorly v i s i b l e due to the section o r i e n t a t i o n ) . The cosets are 20 -
25 metres thick, whilst the sets range from 1 - 8 metres th i c k , with a modal thickness 
of 3 metres. Both cosets form an assemblage I . The sets are interpreted as the deposits 
^ of parasitic dunes descending the lee of a larger, apparently slipfaceless, compound dune 
(Figs 25, 27). As the dune sets dip eastward yet t h e i r cross-sets dip southeastward, 
the two cosets are both believed to be sections through eastward dipping flanks of cusps 
on apparently slipfaceless barchanoid, compound dune fronts (see Fig. 27). Face trends 
east-west (84° - 264°). View toward south. 
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FIG. 28. THE DEPOSIT OF A NORTHWARD MIGRATING TRANSVERSE COMPOUND DUNE 
(FACIES 12). THE NORTHWARD MIGRATION WAS INTERRUPTED BY A SMALLER 
SOUTHWARD MIGRATING DUNE CLIMBING THE L E E SLOPE. (FACIES 11. UF). 
a l l structures were compound reversing dunes. These examples are imp-
ortant, or they indicate that i t was not simply dune crests that re-
versed. Entire, simple, transverse or barchanoid dunes at least 
several metres high could i n some cases climb the large dune (exanples 
a) and b ) ) . 
Further discussion of the assemblages 
I t i s important to note that several of the assemblages may be related 
w i t h i n a single l o c a l i t y . This i s p a r t i c u l a r l y important at Minard 
Head. There, some sections are interpreted as large, but simple, rev-
ersing dunes, as only 'down-back' sets are observed upon the underlying 
thick set. However, 100 metres to the east along s t r i k e dune sets are 
seen to climb the f r o n t or lee of the same giant set. Therefore, the 
assemblage i s the deposit of a transverse to barchanoid, compound, 
reversing dune. I t can only be diagnosed completely by the presence of 
the dune sets climbing the lee of the major structure (Figs 25, 28; 
Plates 16, 18). These UF assemblages are rare, and yet probably have 
far greater preservation potential than the crestal reversals. There-
fore crestal reversals were probably far more common than parasitic 
dune ascents ( c f . McKee 1979b, Fig. 62; McKee 1983, Fig. 32). 
Although a l l aeolian facies should be able t o be placed w i t h i n 
assemblages, some cannot be with certainty. The most problematic are 
those exposed i n sections perpendicular to dune migration d i r e c t i o n 
( s t r i k e sections). These sections may be p a r t i c u l a r l y problematic i f 
the sets have pronounced trough-shaped bounding surfaces. These may 
mask the geometric relationships which define the assemblages. 
However, i t has been shown that both dunes and compound dunes 
formed parts of the Kilmurry Formation. I t i s also l i k e l y that the 
unidirectional compound dunes were draas ( c f . Wilson 1970, 1971; 
Brookfield 1977, Steele 1981). I t i s possible that the reversing com-
pound dunes need not have been draas ( c f . McKee 197.9a,pp 8-15; Wilson 
1970, 1972). 
I t i s probable that the proven reversing dunes and compound dunes 
had slower resultant migration rates than the apparently unidirectional 
dunes and compound dunes ( c f . Petrov 1976). 
Migration rates f o r some modem unidirectional draas have been 
calculated. A summary of these rates i s given by Brookfield (1977 p. 
315). The rates range'from 1.5 centimetres per year f o r a draa with a 
2.5 kilometre base length, to 1 metre per year for a draa with a 500 
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metre base length. 
In ccontrast, parasitic dunes may migrate many metres per year (cf 
Brookfield 1977). However, some of the sets formed by reversed para-
s i t i c dunes or large simple dunes i n the Kilmurry Formation appear to 
be too large to have formed and migrated during a single seasonal wind 
reversal (see Plates 16, 18, 19)(Fig-. 28). This i s possibly supported 
by the small-scale s t r a t i f i c a t i o n cycles which may be annual. There-
fore, i t i s probable that longer term fluctuations i n the wind regime 
also occurred. Such fluctuations i n the wind regime could also help to 
account f o r the preservation of much of these large compound bedforms 
under subsequent bedforms. 
These aspects are discussed further i n subsequent sections on 
overall sequences and palaeogeographies. 
4.14 A Hierarchy of Fluvio-aeolian Associations w i t h i n the Caherbla 
Group 
Fluvio-aeolian associations w i t h i n the Caherbla Group occur on four 
broad scales. 
a) F i r s t l y , t h i n (5 - 70.centimetres), s o l i t a r y , parallel-laminated 
aeolian sandstone sheets (facies 17) may rarely occur w i t h i n the 
f l u v i a l sequences. These are either rare, or rarely recognised. 
b) Secondly, aeolian units from 1 to 100 metres t h i c k occur i n a series 
of associations with f l u v i a l deposits with a similar range of scales 
(Fig. 32). These associations constitute much of the Kilmurry 
Sandstone Formation i n the western l o c a l i t i e s . 
Fluvio-aeolian associations are most common at t h i s scale. This 
scale i s also the most useful for the understanding of the process-
es of fluvio-aeolian interaction. 
c) Thirdly, some of the l o c a l i t i e s i n the Kilmurry Formation are com-
posed of a lower, f l u v i a l sandstone dominated sequence and an upper, 
thick, wholly aeolian sequence. 
d) Fourthly, the fluvio-aeolian associations occur on a scale of f o r -
mations. The a l l u v i a l fan deposit, the Inch ODnglomerate Formation 
both underlies and i s the l a t e r a l equivalent to the fluvio-aeolian 
Kilmurry Sandstone Formation. 
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4.15 
Smallest scale associations 
The rare, t h i n , aeolian sheet sandstone facies (17) are found w i t h i n 
f l u v i a l sequences at 87 metres i n the eastern Kilmurry Bay section (Fig, 
41) and at 202 metres i n the western Kilraurry Bay section (Fig. 45). 
These represent aeolian sheet sands which spread over the deposits 
of dessicated, shallow channels or over flood deposits that extended in-
to an aeolian area. As discussed i n (Chapter 2, section 10.a, such de-
posits have been observed i n many recent fluvio-aeolian environments 
(Glennie 1970, Ch. 4 ) . 
The apparent r a r i t y of these t h i n aeolian sandsheets w i t h i n the 
f l u v i a l deposits may be due to the following reasons: Non-identifica-
t i o n of the deposits; lack of preservation potential w i t h i n the f l u v i a l 
sequences caused by t h e i r low r e l i e f making them susceptible to f l u v i a l 
reworking; a somewhat d i f f e r e n t clixnatic regime may have existed i n the 
Caherbla deposits, i n comparison to the recent examples. 
I t i s u n l i k e l y that many of these aeolian sheetsands were mis-iden-
t i f i e d as f l u v i a l deposits as most of the f l u v i a l deposits have unequi-
vocal f l u v i a l features. However, both of the other explanations may 
apply. This may suggest that the climate was less a r i d than that of 
areas where modem aeolian sheetsands are found preserved i n f l u v i a l 
sequences.. For instance, i n Libya, the Trucial O^ast and Oman (Glennie 
1970, Ch. 4)(Ch. 9 ) . 
4.16 
Second scale associations (Fig. .33) 
As previously stated, fluvio-aeolian associations on t h i s scale form 
much of the sequences i n the western l o c a l i t i e s of the Kilmurry Forma-
t i o n (Figs 35, 45). 
A variety of types of association occur at t h i s scale. These are 
depicted together with reconstructions of th e i r local palaeogeographies 
i n Figures 33a and 33.b, 
The series of types of interaction at t h i s scale are best divided 
by t h e i r f l u v i a l assemblages, the f l u v i a l palaeocurrent d i r e c t i o n and 
the relationship of the aeolian asserabalge to immediately associated 
aeolian deposits. 
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i ) The Inch Glen association (Figs 19, 20) This i n t e r a c t i o n has a l -
ready been discussed i n some d e t a i l i n section 4-7-8. 
I t i s an 800 metre wide by 13 metre deep, south-north trending lens of 
f l u v i a l deposits. The lens i s cut in t o aeolian deposits. 
The deposits i n the centre of the lens are predominantly imbricate 
breccias. The imbrication and lens trend suggest that the lens was a 
large channel cut northwards i n t o the dunefield by a prograding Inch 
conglomerate fan lobe. 
The dune sets and cosets are similar below and above the lens. 
They are t h i c k with unidirectional foreset dips toward the south and 
southeast. As they appear to show no descent or ascent r e l a t i v e to und-
er l y i n g sets they are possibly the deposits of large slipfaced trans-
verse-barchanoid compound dunes. 
The channel appears to have cut a route d i r e c t l y perpendicular to 
the trend of these large dunes. This may have been crudely analagous 
to the current s i t u a t i o n at the eastern margin of the Namib desert 
(Breed et a l . 1979). 
i i ) Other Kilmurry Sandstone Formation fluvio-aeolian associations 
In most cases w i t h i n the Kilmurry Sandstone Formation, an underlying 
aeolian assemblage shows no evidence to indicate impending f l u v i a l 
deposition. The subsequent f l u v i a l deposit sometimes l i e s i n a channel 
with unusually steep margins for such a sandy substrate (up to 30 - 40° 
i n a lens i n the eastern Kilmurry Bay section at 155 metres). This 
suggests that i n some cases, the underlying aeolian deposits were a l -
ready moderately cohesive, p r i o r to the f l u v i a l inundation. Such early 
cementation has been observed w i t h i n some recent, exposed interdune 
areas (McKee 1966). 
Palaeocurrent directions are generally to the west-southwest f o r 
the f l u v i a l components of these fluvio-aeolian associations i n the K i l -
murry Sandstone Formation. This palaeocurrent d i r e c t i o n i s perpendicu-
l a r to the north-directed palaeocurrents f o r the Inch Conglomerate 
Formation, fan deposits (see above). However, t h i s f l u v i a l flow to the 
west-southwest would have been v i r t u a l l y p a r a l l e l to the transverse and 
barchanoid dune ridges. 
Hence, i t appears that the f l u v i a l channels were forced by the 
dunes to flow roughly toward the west-southwest either along the margin 
of the dunefield, or along interdune corridors (Fig. 33). Control over 
the drainage pattern by Pleistocene and recent dunefields has been 
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extensively documented i n (Chapter 2. 
Actual examples of aeolian dune deposits having impounded a chan-
nel can be observed i n the eastern Kilmurry Bay section from 153 to 
155 metres (Figs 29, 41)(off the l i n e of the section)(Plate 19)(Home 
1975). In t h i s case, the northward facing, impounding dune was subse-
quently overstepped and truncated by the channel. However, i n the 
western Kilmurry Bay section at 290 metres, the northward migrating com-
pound dune overcame the impounded f l u v i a l channel deposits capping a 
thick f l u v i a l sequence. The dune progressed northwards i n a series of 
stepwise advances (Fig. 28; Plate 18). 
An intermediate type may also occur, i n which the balance between 
the impounded channel and the adjacent, aeolian deposits was maintained 
fo r longer. A probable example of t h i s occurs i n the eastern Kilmurry 
Bay section from 178 to 188 metres (Fig. 41). This may also have occur-
red i n the western Kilmurry Bay section between 226 and 245 metres. I n 
th i s l a t t e r case, the evidence i s : The r e l a t i v e l y poor sorting of the 
aeolian sandstones; the presence of mica drapes on aeolian foresets 
(Plate 8 ) ; thinness of sets and dune heights predicted from t h i s ; e v i -
dence that the dunes migrating i n both directions shoaled. 
These features a l l suggest that the assemblage lay on a compound, 
or possibly complex structure that migrated l i t t l e o v e r a l l , but remained 
channel-source-bordering ( c f . Melton 1940)(C]h. 2, sections 9, 10.b, d) 
(Figs ^s, 33). 
In a l l these cases, i t i s i n t e r e s t i n g to note the general lack of 
soft-sediinent deformation structuares i n the impounding dune deposits. 
This suggests that the flow on the channel margins was normally incap-
able of undercutting the dune. One exception to t h i s occurs i n the 
Annascaul River section,3io metres (Fig. 39). I n t h i s case, the dune 
toe has buckled due to f l u v i a l undercutting. 
So f a r , i t has been determined that the aeolian dunes w i t h i n the 
Kilmurry Sandstone Formation were i n v i r t u a l l y a l l cases capable of 
div e r t i n g drainage. Many of the smaller channel lenses appear to be 
isolated w i t h i n underlying and overlying aeolian dune deposits. This 
supports the suggestion that many of the channels were channelled along 
interdune areas. 
However, did the channels occupy the entire width of interdune 
areas, only t h e i r upwind margins, or the margin l y i n g down regional 
palaeoslope (the western margin)(see Figs 13, 33)? 
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No dune backsets (stoss areas) are observed to have acted to im-
pound channels and subsequently preserve beneath these channel depos-
i t s . This suggests that the channels did not generally occupy the en-
t i r e width of an interdune area; or i f they d i d , the channel deposits 
and aeolian dune backsets could be removed by subsequent aeolian defla-
t i o n . 
Dune foresets of dunes that migrated either north-northwest or 
south-southeast are both observed to impound f l u v i a l channel deposits. 
Those that migrated to the north-northwest, l i e above f l u v i a l sequences. 
Therefore i n these cases i t would appear that the channel did occupy 
the entire 'interdune' width. 
I t has already been noted that i n one case i n the western Kilmurry 
Bay section at 291 metres, the dune migrated over the channel deposits 
l y i n g on i t s toe i n a stepwise fashion. This phenomenon has also been 
observed i n fluvio-aeolian deposits i n the Cretaceous, Barun Goyot 
Formation, Mongolia, by Gradzinski and Jerzykiewicz (1974) and i n the 
wet interdune-dune deposits i n the Middle Proterozoic, Dala sandstone, 
Sweden (Pulvertaft 1985). However, was the migration of an impounding 
dune capable of causing long distance migration of a- channel i n t h e i r 
lee? Also, could the channel be maintained i n the interdune area as 
tfhe liitpouhding dunes gently climbed t h e i r predecessors downwind". (Figs 
13, 25; Ch. 2, section 10.e)? I n the few well-exposed examples of 
f l u v i a l deposits w i t h i n predominantly aeolian dune sequences, the f l u -
v i a l deposits appear to be f i l l i n g lenses (assemblages E and F). These 
channel lenses contain assemblages that indicate that the entire chan-
nel was f l u v i a l sediment-filled and dessicated, p r i o r to the advance of 
the impounding dune on the upwind margin. Further, i f the dune was gra-
dually encroaching upon the channel, one may expect the uppermost f l u -
v i a l deposit p r i o r to aeolian dune overstep to be f l u v i a l l y reworked 
aeolian dune sand. This occurs i n the example i n the previously d i s -
cussed, western Kilmurry Bay section at 291 metres (Figs 28, 45). This 
i s also the major characteristic of Kocurek's (1981) model of interdune 
pond migration caused by downslope/upwind, impounding dune migration 
(Fig. 65). However, t h i s i s not observed i n most of the Kilmurry f l u -
v i a l assemblages followed by aeolian deposits. 
So why were the smaller channels i n interdune areas f i l l e d and 
abandoned? Recent d i s t a l f l u v i a l channels and 'backwaters' i n interdime 
areas (Ch. 2 ) , frequently end i n areas of percolation and evaporation 
(Mabbut 1977). Perhaps the simplest answer therefore i s that a f t e r a 
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major flood cut the channel, there was a sequence of floods of declin-
ing scale. Evidence of an opposite trend of increasing flood scale 
would be u n l i k e l y to be preserved. Short-term climatic cycles have been 
recognised from the deposits, f l o r a and fauna of many Pleistocene-Holo-
cene semi-arid areas (Kutzbach and Street-Perrott 1985). 
An alternative p o s s i b i l i t y i s that the channel extended from a 
trunk channel which proceeded to incise further. This would leave the 
branch channel * perched' and prone to gradual abandonment. 
Alte r n a t i v e l y , both these processes or factors may have operated. 
The thickness of some f l u v i a l sequences such as 48 - 100 metres i n 
the eastern Kilraurry Bay section (Fig. 41), suggest that they form an 
extensive sheet sandstone deposit. The f l u v i a l 'channel' system that 
created the sheet was presumably capable of truncating and removing 
aeolian dune deposits as i t i s apparently f a r more extensive than a 
single interdune area. 
The example ci t e d above i s the only f l u v i a l incursion, where the 
underlying 10 - 15 metres of aeolian deposits appear to evidence the 
l a t e r a l approach of the channel system (Figs 31, 41). This underlying 
aeolian deposit i s a predominantly u n i d i r e c t i o n a l , slipfaceless com-
pound dune assemblage, which shows the following changes as the t r a n s i -
t i o n to f l u v i a l deposition approaches. The par a s i t i c dune set thickness 
decreases; t h e i r angle of descent down the lee side of the compound dune 
decreases progressively; modification surfaces appear more frequently; 
f i n a l l y , the aeolian sequence i s capped";.by a small, simple, reversed 
(north-northwest dipping foresets) transverse dxone, p r i o r to i n i t i a l 
f l u v i a l incursion. 
These features suggest that the dune became starved of sand. The 
sand starvation and apparent preservation of much of the compound dune 
crest suggest that channels may have cut north and south of i t , causing 
i t s slow starvation and gradual inundation. Similar situations can be 
observed today on the northern margin of the Wahiba sands i n Oman 
(Author*s observation). Glennie (1970) believes that the gradual ero-
sion of the Northern margin of the Wahiba sands i s due to a decrease 
i n a r i d i t y and/or wind speeds since the Pleistocene. 
A similar climatic explanation may apply to t h i s major .event i n 
the Kilmurry Sandstone Formation. The subsequent i n i t i a l f l u v i a l depos-
i t s (Figs 31, 41) l i e i n a shallow lens probably cut across an i n t e r -
dune area between simple dunes. The quantity of reworked aeolian sand 
suggests that active simple dunes were also reworked. Small source 
149 
O 
S L I P F A C E L E S S 
BARCHANOID 
OR T R A N V E R S E 
COMPOUND DUNE 
C O S E T (ASS.I) 
POORLV S O R T E D F L U V I A L D E P O S I T 
F L U V I A L D E P O S I T 
- D U N E DERIVATION 
HIGHER 
A E O L I A N UNITS 
- TH INNER WITH MORE 
F R E Q U E N T A L A R G E R M O D I F I C A T I O N 
S U R F A C E S 
R E T I L T E D 
P R E S E N T 
H O R I Z O N T A L 
FIQ. 31 . 3 8 - 5 3 M E T R E S , E A S T E R N SHORE SECTION OF KILMURRY BAY.A S L I P F A C E L E S S COMPOUND 
DUNE C O S E T S U F F E R E D INTENSIVE MODIFICATION . THIS IS B E L I E V E D TO HAVE BEEN DUE TO EXPOSURE 
ON THE SOUTHERN DUNEFIELD MARGIN TO WEAK WINDS FROM THE S E . PRIOR TO MAJOR L O N G - T E R M 
FLUVIAL ENCROACHMENT NORTHWARDS OVER THE DUNEFIELD MARGIN 
bordering, shoaling transverse or barchanoid dunes occurred on the 
southern margin of the channel and were incised i n t o by subsequent chan-
nel lens development. 
The t h i c k , sheetflood and braided f l u v i a l sequence that follows i s 
also unusual. The beds show an overall f i n i n g and thinning-upwards 
between 59 - 100 metres (Fig. 41). However, unlike the deposits i n 
smaller channel lenses discussed e a r l i e r , there i s also an o v e r a l l - i n -
crease i n the quantity of reworked aeolian dune sand from 59 to 96 
metres. The minor aeolian incursions at 84 to 87 and 93 to 95 metres 
may also represent parts of a larger cycle of increasing aeolian sand 
deposition i n the area (Fig. 44, 41). This appears to be due to the 
long term advance of aeolian dunes southwards. The most l i k e l y explana-
t i o n for t h i s advance i s a further climatic change that caused decreas-
ed flooding and/or increased prevalent wind speed or persistence. 
In the eastern Kilmurry Bay section at 155 metres, a unique f l u v i o -
aeolian association occurs ( c f . Home 1975, Fig. 5)(Figs 29, 41;.Plate 
19). A channel i s cut i n t o f l u v i a l sheet sandstones which were impoun-
ded by an underlying dune. The channel i s 3.5 metres deep, and has a 
margin that dips 30 to 40° to the north. The channel i s - e n t i r e l y f i l l e d 
by a single aeolian cross set with foresets that dip at up to 38° to-
ward the northeast. 
Home (1975) suggests that the channel was cut by a fl a s h flood. 
This appears to be a plausible explanation f o r i t s lack of f l u v i a l chan-
nel f i l l , although i t i s also probable that some f l u v i a l deposits were 
removed by aeolian d e f l a t i o n . 
This example, although s o l i t a r y , demonstrates that channels can be 
blocked and preserved by aeolian deposits. 
From examination of a l l the sequences (Figs 41, 42, 45, 46), i t i s 
apparent that the migration directions of the aeolian dunes i n the 
fluvio-aeolian successions are more diverse than those i n the thick 
aeolian successions (Eastern Kilmurry Bay, f i r s t 50 metres; Re d c l i f f , 
Inch Glen, Ojrraheen)(Figs 41, 42, 50, 52). This i s c l e a r l y i l l u s t r a t e d 
i n Figure 43. 
One explanation for t h i s greater d i v e r s i t y of dune migration direc-
t i o n i n the main fluvio-aeolian sequences may be that the dunes vrere 
frequently smaller than those i n the wholly aeolian sequences. This i s 
evidenced by t h i n aeolian sets with r e l a t i v e l y high foreset angles (Figs 
42, 47, 51). 
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Plate 18. Western Kilmurry Bay, section 275-302 metres (Figs 
28, 44). A thinning upward assemblage of f l u v i a l 
sheet sandstones (assemblage C-D) i s overlain by 
northward dipping aeolian dune foresets. A set 
with foresets dipping southward climbs one north-
ward dipping foreset (assemblage J ) . This i n d i c -
ates that a northward migrating, predominantly 
slipfaced, barchanoid or transverse compound dune 
was periodically climbed by parasitic reversing 
dunes. Fluvial deposits can be observed to have 
l a i n i n f r o n t of and impounded by the compound dune 
toe, which subsequently advanced over the f l u v i a l 
deposits. View towards east. 
Plate 19. Eastern Kilmurry Bay, section 150-171 metres .(Figs 
29, 41). The f l u v i a l sheetflood sequence (assemblage 
D) at the base of the face i s impounded on the r i g h t 
(south) by northward dipping dune foresets. The 
sheetfloods, apparently, subsequently truncated the 
dune. The sheetflood sequence is incised by two.flu-
v i a l channel lenses. The r i g h t hand lens was formed 
f i r s t , by channel in c i s i o n and subsequent f i l l i n g by 
d i s t a l f l u v i a l flood deposits (facies 9, Assemblage 
E) . The larger l e f t hand lens was deflated, then 
f i l l e d by a northward migrating dune (facies 12.c). 
The upper half of the c l i f f i s composed of a major 
f l u v i a l channel assemblage that formed a m u l t i -
storey sandstone sheet (assemblage C). C l i f f face 
trends north-south. View towards east. 
15E 
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Brookfieid (1977), expanding on Bagnold (1941), states "that the 
rate of advance of bedforms i n any one f i e l d i s roughly inversely prop-
ortio n a l to the area of i t s v e r t i c a l cross-section, p a r a l l e l to i t s 
migration d i r e c t i o n . " 
Therefore the smaller dunes, nucleated i n or on the margins of the 
f l u v i a l area, would be capable of complete di r e c t i o n a l changes i n res-
ponse to shorter term changes i n the wind regime. 
Secondly, larger compound dunes i n or on the margins of the f l u v i -
al area could also respond r e l a t i v e l y rapidly to changes in wind direc-
t i o n . This would have been due to the lack of protection from north-
northwest directed winds, on the margins of the f l u v i a l area. 
4.17 A Sumnary on the Nature of Fluvio-aeolian Associations at the 
Second Scale w i t h i n the Caherbla Group 
Problems, occur i n both the d e f i n i t i o n of the geometric relationships of 
the fluvio-aeolian associations and the processes that caused the f l u -
vio-aeolian t r a n s i t i o n s . Some of these problems are due to the l i m i t e d 
size of the rock exposures which are generally c l i f f s up to 100 metres 
wide by 30 metres high, i n sections perpendicular to f l u v i a l channel 
orientation. In comparison, a mappable channel lens i n Inch Glen i s 
800 metres wide by 13 metres thick. 
However, a number of conclusions can s t i l l be reached as to the 
nature of t h i s second scale of fluvio-aeolian association w i t h i n the 
Caherbla Group. 
a) The transverse or barchanoid simple, compound, and possibly complex 
aeolian dunes could often impound or d i v e r t f l u v i a l channels towards 
the west-southwest. 
b) I t i s probable that larger dunes could control the orientation of 
larger channels. 
c) A large, high energy channel caused by fan lobe progradation, was 
able to cut northwards through very large dune or compound dune faces. 
This may have been a gradual process, however. 
d) The evidence suggests that many of the smaller channels w i t h i n 
aeolian successions, lay along the lee of a transverse to barchanoid 
dune or compound dune, but probably did not extend to the other margin 
of the interdune area. This may have been due to the upwind slope on 
the interdune area (Figs 13, 33). 
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e) These smaller channels were abandoned leaving lenses of f l u v i a l 
deposits w i t h i n aeolian deposits. The abandonments were apparently not 
due to aeolian dune advance:over the channel, but due t o decreasing 
energy of floods, or channel abandonment due t o further trunk stream 
in c i s i o n . 
f ) Impounding dunes and compound or complex dunes can be divided i n t o 
3 types: 
i ) Those that ac t i v e l y advanced onto the channel, 
i i ) Source-bordering forms: These cculd include compound or possibly 
complex ridges with parasitic barchan, barchanoid or transverse 
dunes which were capable of reversal. The compound or complex dune 
ridges were r e l a t i v e l y stable and were sourced by the channel, 
i i i ) Impounding dunes that were eventually advanced over by the chan-
nel . 
g) There i s evidence that the larger channels could slowly starve a 
dune or compound dune, p r i o r to the dune being inundated by flooding. 
These channels could therefore become fa r wider than a single interdune 
area. I t i s l i k e l y that they were caused by a climatic change. 
h) Dunes could occasionally f i l l channels, blocking them completely. 
i ) The smaller dunes could migrate f a r more rapidly than the compound 
or complex dunes. Therefore they are more sensitive indicators of short 
term changes i n the wind regime. ^ 
j ) Dunes of any scale on the margins o ^ or'^n the f l u v i a l plains and 
larger channel areas were more prone to reversals due to lack of pro-
tection from winds blowing toward the north-northwest. 
The t h i r d and fo u r t h scales of fluvio-aeolian association 
Because of the great scale of these associations, they are disciassed 
with the rock sequences and palaeogeographies i n the following section. 
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4.18 The Successions 
Ten main l o c a l i t i e s were studied w i t h i n the Caherbla Group (Fig. 19); 
these can be divided i n t o successions representing three periods of 
deposition (Fig. 35). 
a) The lower succession; Descriptions and i n i t i a l interpretations 
Derrymore Glen The lower succession i s best exposed i n Derrymore 
Glen (Q 740 080) where the Group i s seen to overlie the Si l u r i a n Dunquin 
Group with angular unconformity ( c f . Home 1974, 1975, 1976)(Fig. 36). 
At therbase, a very f i n e a l l u v i a l fan assemblage (B) coarsens up-
wards, with associated thickening of beds f o r 58 metres (Fig. 36). 
This succession i s capped by two 1-metre t h i c k , coarse breccio-conglo-
merate beds. The lower of these may be a facies 1 sub-aerial debris 
flow, whilst the other i s a streamflood deposit. The few cross sets 
in--the succession have a modal foreset dip to the North. Widespread 
clast imbrication dips to the south. 
Exposure ends and a large normal f a u l t to the south must be cross-
ed p r i o r to resumption of the succession. I t appears l i k e l y that due 
to t h i s downfaulting, some of the succession i s unexposed. 
When the succession i s resumed, i t i s dominated by the coarse.med-
i a l a l l u v i a l fan assemblage (A). This grades imperceptibly i n t o the 
f i n e r , d i s t a l a l l u v i a l fan assemblage (B) af t e r a further 30 to 45 metres 
(Fig. 36). This assemblage continues to f i n e upwards u n t i l 74 metres 
up t h i s second section, a thick sequence of aeolian dune deposits be-
gins. The breccias i n t h i s seca*^J section also contain imbricate 
clasts dipping southwards. 
The aeolian dune sequence i s poorly exposed, but continues f o r at 
least 30 metres. The f i r s t 20 - 30 metres appear to be the deposit of 
a unidirectional transverse or barchahoid siipfaceiess, compound dune 
with foreset dips to the south and southeast (Assemblage I ) . Further, 
poorly exposed aeolian dune deposits follow, p r i o r to exposure ending, 
(Fig. 36). 
CXirraheen Glen (Figs 19, 35) Curraheen Glen l i e s 3.5 kilometres to 
the east (Fig. 19). The sequences there can only be correlated by 
extrapolation along-strike from Derrymore Glen (Figs 19, 35). 
The exposed succession i s 40 metres thick and i s wholly aeolian. 
I t exposes some of the best examples of u n i d i r e c t i o n a l , siipfaceiess, 
transverse or barchanoid compound or complex dunes^(Assemblage I ) . 
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Each assemblage i s approximately 20 metres thick and contains foresets 
dipping to the southeast (Figs 25, 27; Plate 17). 
Inch Coastal Section (Figs 19, 35) The Inch coastal section l i e s some 
13 to 16 kilometres along s t r i k e to the west-southwest (Figs 19, 35). 
Although i t contains some of the best-exposed units of the Inch 
Conglomerate Formation, the section i s an upfaulted block, which i s i t -
s e l f divided by many v e r t i c a l f a u l t s (Fig. 19). Because of t h i s , i t i s 
only correlated the Derrymore Glen section on the basis of i t s general 
coarsening-upwards then fining-upwards cycle (Fig. 35). 
The coarsest beds i n the Inch coastal section contain clasts reach-
ing up to 70 X 40 X 30 centimetres. The coarsest clasts i n the Derry-
more Glen sections reached 40 x 30 x 20 centimetres. The modal cl a s t 
size throughout the Inch coastal section i s only s l i g h t l y greater than 
that for the Derrymore Glen succession. 
The widespread clast imbrication dipped toward the south-southeast. 
The aeolian t r a n s i t i o n at the top of the Inch succession i s not 
seen, but Horne (1975) discovered a t h i n , two metre thick simple aeolian 
dune set, with foresets dipping to the south w i t h i n the apparently 
highest exposed part of the fan succession (Assemblage A). 
Annascaul River Valley (Figs 19, 35) The River Annascaul l i e s 1.5 
kilometres west of the western end of the Inch coastal section. 
The lower succession i s poorly exposed i n small isolated exposures 
along the western side of the valley (Fig. 38). The apparent base of 
the succession appears to be due to downfaulting against the Dunquin 
Group l y i n g to the north. Because of t h i s , the basal unconformity, and 
an unknown amount of the lower succession are missing. The remaining 
200 metres of succession represent the d i s t a l fan assemblage, and f i n e 
upwards. Coarsest clasts are 10 - 12 centimetres diameter. Imbricate? 
clasts appear to dip to the south and east. The uppermost 90 metres of 
th i s succession contain s i g n i f i c a n t quantities of f l u v i a l pebbly and 
pebble free sandstones (facies 3, 5, 6, 7, 8). This i s somewhat simi-
l a r to the Inch Glen d i s t a l fan assemblage (B). I n the upper part of 
th i s assemblage, are poorly-exposed, interbedded aeolian sandstones. 
These form simple, isolated, unidirectional sets up t o 2 metres thick. 
Foresets dip toward the southeast. These are believed to be the depos-
i t s of small, simple barchan to transverse dunes. 
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The Lower Succession: Discussion 
As previously recognised by Horne (197A, 1975, 1976), the Inch Gonglom-
erace Formation that forms the bulk of the lower succession was l a i d 
down by a northward prograding a l l u v i a l fan. Based on the unusual 
petrology of the clasts constituting the fan deposits and the i r palaeo-
current d i r e c t i o n , Horne concluded that a f a u l t scarp had l a i n along 
Dingle Bay, shedding material northwards (Horne, 1975). There i s other 
evidence for the postulated f a u l t . The results of a gravity survey des-
cribed by Murphy (1960) indicate a strong linear feature running along 
Dingle Bay. Si m i l a r l y , a magnetic survey demonstrated a strong linear 
feature running along the bay (Inamdar and Horne 1971, Max and Inamdar 
1983). The linear feature i s interpreted by Max and Inamdar (1983) as 
a Cadomian structure that had been reactivated during the Caledonian 
orogeny. 
Overall, the Inch Conglomerate Formation appears to be a simple 
coarsening-upwards then fining-upwards cycle. Lesser coarsening up-
ward or coarsening upward then f i n i n g upward cycles are superimposed 
upon t h i s major cycle. 
The overall cycle i s probably a simple response to a single f a u l t 
u p l i f t , forming a scarp, with fan progradation followed by quasi-
equilibrium ( c f . Heward 1978). The lesser coarsening upward or coars-
ening-upward then fining-upward cycles may be due to fan lobe or chan-
nel switching ( c f . Heward 1978, Bluck 1980)(Fig. 36). 
The modal clast size appears to be similar i n the Derrymore Glen 
and Annascaul River sections, and both appear to have been dominated by 
shallow streamflow and sheetflow. However, the t r a n s i t i o n to aeolian 
deposition appears to have been more gradual i n the River Annascaul 
section (Figs 35, 38). There, minor single aeolian dune deposits are 
interbedded with f l u v i a l sandstones which are p a r t i a l l y composed of 
aeolian sand. In the Derrymore Glen section, the complete t r a n s i t i o n 
occurs i n only a few metres. Breccia sheetflood deposits are followed 
by reworked aeolian sand, sheetflood deposits and f i n a l l y a major uni-
d i r e c t i o n a l , slipfaceless compound dune. The t r a n s i t i o n also appears 
to be more gradual i n the Inch Coastal succession. 
The r a p i d i t y of the t r a n s i t i o n i n the Derrymore Glen section may 
have been due to fan lobe switching ( c f . Heward 1978). This may have 
caused r e l a t i v e l y rapid fan lobe abandonment allowing aeolian dunes to 
extend from the fan toe up the lobe. Many modern fans have extensive 
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areas that have been inactive f o r thousands of years (Denny 1964, Bull 
1977). 
Once large aeolian bedforms had advanced onto the Derryraore Glen 
d i s t a l fan area, floods reworking the aeolian sand could have been rap-
i d l y overloaded. The large aeolian bedforms may also have been capable 
of d i v e r t i n g the floods. The shallow channel lenses i n the aeolian 
sequence suggest that the subsequent floods had l i t t l e power and could 
be diverted between the conrpound dunes. 
An alternative explanation f o r the t r a n s i t i o n from fan to aeolian 
deposits may be backfaulting. Brookfield (1977) suggested that back-
f a u l t i n g i n the catchments explained some of these sudden transitions 
withinnsouthem Scottish Permo-Triassic deposits. 
A further explanation f o r the t r a n s i t i o n could be that a major 
increase i n a r i d i t y occurred. 
The aeolian encroachment does not appear to occur at the same stra-
tigraphic level i n a l l l o c a l i t i e s (Fig. 35), and fan deposition appears 
to continue f o r substantially longer i n the Caherbla area (Fig. 19). 
This charac t e r i s t i c , together with the gradual f i n i n g upwards, suggest 
that backfaulting was u n l i k e l y to have caused the t r a n s i t i o n . 
The simplest explanation remains that a f t e r fan progradation the 
fan established equilibrium w i t h the f a u l t scarp. With decreased fan 
slope and increased radius, floods reaching the d i s t a l fan?areas were 
less able to rework advancing aeolian deposits. Fan lobe switching arid 
abandonment could assist the aeolian advance. Relatively minor increas-
es i n a r i d i t y could also markedly assist the aeolian dune advance. 
This t r a n s i t i o n from the a l l u v i a l fan deposits of the Inch (Conglo-
merate Formation to the fluvio-aeolian deposits of the Kilraurry Forma-
t i o n represents the largest, fourth scale of fluvio-aeolian interaction. 
A palaeogeography f o r t h i s period i s presented i n Figure 37. 
b) The Middle Succession. Descriptions and I n i t i a l Interpretations 
The middle succession occurs i n sections at f i v e of the l o c a l i t i e s 
studied. 
River Annascaul to R e d c l i f f section (Figs 19, 35, 38) T h i s l i s the most 
extensive section through the middle succession, extending for a l l 410 
metres. However, the lower 200 metres i s very sporadically exposed i n . 
the western slope of the Annascaul River valley. 
Rare pebbly, or pebble-free streamflow or sheetflow sandstones 
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(facies 3, 6, 7, 8) occur interbedded with aeolian dune sandstones 
(facies 13 and 11). The dune sandstones become the sole constituent 
after a thickness of 130 metres. 
Modal grain size appears to decrease upward through the aeolian 
sequence and i s matched by a rough increase i n dune set thickness. 
The uppermost AO metres constitute the f i r s t 40 metres of the Redc l i f f 
section (see Fig. 50). A l l the dune foresets dip to the south or south-
east indicating that the deposits were formed by barchanoid to trans-
verse dunes that migrated i n that d i r e c t i o n . However, i t i s not poss-
ib l e to t e l l i f the dunes were simple or compound, due to the poor 
exposure. The aeolian deposits higher i n the middle succession probab-
ly are", based upon some large set thicknesses, and lack of interdune 
deposits including f l u v i a l deposits (Figs 50, 51). 
Eastern Acres Point 4.5 kilometres to the west, a few hundred n i t r e s 
east of Acres Point, the uppermost 50 metres of the middle succession i s 
exposed (Figs 19, 35, 40). This i s very similar to the f i r s t 40 metres 
of the Redc l i f f log (Figs 40, 50). Thick aeolian cross-sets are the 
deposits of large simple or compound,siipfaced,barchanoid to transverse 
dunes with foresets dipping to the south and southeast (Assemblage G 
or I ) . 
Eastern Kilmurry Bay (Figs 19, 35, 41) The next two l o c a l i t i e s to the 
west allow a v i r t u a l l y continuous succession to be recorded along the 
eastern shore of Kilmurry Bay (Figs 19, 35, 41). 
The base of the succession l i e s inland, to the north of the bay 
(Figs 17, 19). This boundary i s again due to f a u l t i n g . As a r e s u l t , 
only a t h i n fault-bounded s l i v e r of the Inch (Conglomerate l i e s between 
the Dunquin Group to the north and the Kilmurry Sandstone Formation i n 
the Bay. The Kilmurry sandstones are poorly exposed inland p r i o r to 
the exposure i n coastal c l i f f s . 
The exposed Kilraurry sandstone inland i s aeolian. This aeolian sand-
stone also forms the f i r s t 48 metre thickness of the coastal succession 
(Fig. 41). Most of the aeolian deposits are assemblage I and are 
interpreted to have been deposited by barchanoid to transverse, s l i p -
faceless comp)ound dunes, that migrated to the south and southeast (see 
Figs 41 and 42), Rarely, simple or possibly compound reversing dune 
assemblages occur (assemblage H). Once again, dry or wet interdune 
deposits are very rare (facies 15, 16, 17). 
The thick f l u v i a l deposit that begins at 48 metres (Fig. 41) has 
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which avalanched in to it. 
A E - A E O L I A N FL - F L U V I A L 
S ^ ui 
F I G . 41 .d , E A S T E R N KILMURRY BAY S E C T I O N , CONTINUED 
174 
p 
9 
m 
> 
0) H 
m 
2} 
z 
M E T R E S 9 
F L U V . O R A E O L 
A S S E M B L A G E 
F A C I E S 
M E A N 065 
C L A S T - 1 2 5 
D'*"ETER:|88 
MM. , 
P A L A E O C U R R E N T 
D I R E C T I O N 
1 
ax < 
CD > -< 
m 
o 
H 
o 
Z 
o 
O 
c m 
M E T R E S 
F L U V . O R A E O L 
A S S E M B L A G E 
F A C I E S 
•065 
M E A N -125 
C L A S T -250 
D I A M E T E R f«> 
MM. ^ 
P A L A E O C U R R E N T 
D I R E C T I O N 
M E T R E S 
F L U V O R A E Q L 
A S S E M B L A G E 
F A C I E S 
M E A N 065 
C L A S T 125 
D I A M E T E R -250 
MM. -500 
P A L A E O C U R R E N T 
D I R E C T I O N 
S 
1 s 1 s 
/ iii/mwm 
lEEIEIBZEHE 
( ( ( 
V 
q 
3 
<• 
0 
o 
o c •o 
FIG. 42.b. A8 BELOW BUT 48-201 METRES IN SECTION. 
160 
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F O R E S E T S . EASTERN KILMURRY BAY SECTION 0 -48 METRES. DIP MARKED IN 
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been demonstrated to be a major probably c l i m a t i c a l l y controlled f l u -
v i a l incursion (section 4.16 ). For the remaining 160 rretres of the 
succession, a delicate balance between f l u v i a l and aeolian t i v i t y 
appears to have operated (Fig. 41). The de t a i l s of these f l u v i o - a e o l i -
an associations are also discussed i n the previous section. 
Aeolian dunes migrated to the southeast generally, although a f t e r 
the f l u v i a l incursions began, more dunes migrated to the north and 
northwest (Figs 41, 43). Fluvial palaeocurrents flowed to the west-
southwest, perpendicular to these dune migration directions, suggesting 
that the dunes were c o n t r o l l i n g the drainage d i r e c t i o n and pattern. 
Western Kilmurry Bay (Figs 19, 35, 45) One kilometre to the west, on 
the western shore of the bay, the same sequence i s exposed. The f l u v i a l 
incursion that occurs at 48 metres i n the eastern shore, can be c o r r e l -
ated along s t r i k e . However, the subsequent succession contains more 
f l u v i a l deposits. I t contains (on logs)'only ITL aeolian deposits 
compared to 527o aeolian deposits i n the same levels of the eastern 
Kilmurry Bay section. 
The aeolian dune sets w i t h i n the f l u v i a l part of the succession are 
t h i n , sometimes isolated and appear to have been deposited by simple 
transverse or barchan dunes that migrated to the south or southeast. 
In some cases these dunes appear to have shoaled, as at 97 metres. 
The f l u v i a l deposits i n the succession contain low angle trough 
cross bedding and parallel-laminated deposits (facies 5, 6, 7, 8, 9). 
They are believed to have been deposited i n wide shallow sandy channels, 
which more frequently allowed the development of large ripples (see 
section 4.7.D). 
Discussion 
The lack of interdune deposits w i t h i n the Redcli f f and eastern Acres 
Point aeolian sequences may indicate that the dunes shoaled ( c f . McKee 
1979b, 1983). Shoaling dunes frequently occur due to dune accumulation 
near or against a topographic barrier (McKee 1983). I n th i s instance, 
the topographic bar r i e r may have been the a l l u v i a l fan and the f a u l t 
scarp postulated to have trended along Dingle Bay. 
The shoaling dunes, including slipfaceless and probably slipfaced 
compound dunes may have b u i l t a l o c a l , r e l a t i v e l y high r e l i e f dunefield 
near the scarp. This occurs today at the Great Sand Dunes, Colorado 
(Andrews 1981). Because the Great Sand Dunes f i e l d i s due to substantial 
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FIG. 48 PALAEOGEOGRAPHIC RECONSTRUCTION FOR THE LOWER HALF 
OF THE MIDDLE SUCCESSION OF THE CAHERBLA GROUP. (See Fig. 35) 
dune shoaling, the r e l i e f of the f i e l d can exclude a r i v e r e x i t i n g from 
the mountains which is instead forced to run along thevdownwind margin 
of the dunefield (Fig. 4). This could explain the lack of f l u v i a l de-
posits w i t h i n the main Redcliff and eastern Acres Point successions. 
In the Kilmurry Bay sections, subsequent to the major f l u v i a l i n -
cursion, the Kilmurry Bay area appears to have been on the western mar-
gin of the dunefield, where lower overall aeolian r e l i e f may have 
allowed periodic f l u v i a l incursions. I f t h i s were the western margin 
of the dunefield, i t could also explain why the proportion of f l u v i a l 
deposits i s greater i n the section on the western side of Kilmurry Bay. 
So why should the dunefield margin have l a i n i n the Kilmurry Bay 
area during deposition of the upper, middle succession? The answer may 
l i e i n the apparent u n i d i r e c t i o n a l i t y of dune migration at Redcl i f f and 
eastern Acres Point. In these sections, a l l the dunes migrated to the 
south and southeast. However, i n the Kilmurry Bay sections, some dunes 
p a r t i a l l y or wholly reversed. This suggests that winds i n the Kilmurry 
Bay area may have been more capable of reversing, to blow to the north 
and northwest, f o r s i g n i f i c a n t periods of time. As previously discussed 
th i s may have been p a r t l y due to the lack of protection on the dune-
f i e l d margin from reverse winds blowing across the d i s t a l fan and 
floodplain areas. However, the following appears aoplausible explana-
ti o n for a control on the position of the western margin of the dune-
f i e l d . 
I f the f a u l t scarp had been lower to the south of Kilmurry Bay 
than at R e d c l i f f , the dunes would have been less protected from any wind 
reversals blowing from the south; hence the dunes would have been less 
prone to shoal. 
This could explain why the f l u v i a l source appears to have l a i n to 
the east of Kilmurry Bay, and may have been the Inch Conglomerate a l l u v -
i a l fans. The fans probably grew from the most pronounced parts of the 
f a u l t scarp. Such an area would also be the most protected from wind 
reversals from the south and southeast and therefore the area most s u i t -
able f o r the main, shoaling dunefield to have developed. This palaeo-
geography i s presented i n Figure 48. 
Prior to the major f l u v i a l incursion at 48 metres i n the eastern 
Kilmurry Bay section, the area appears to have been part of the main 
dunefield, although small set; size on slipfaceless compound dunes, and 
occasional dune reversals, suggest that even then,the compound dunes had 
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less sand supply, and less wind protection to the south. 
This discussion on the wind regime i n the area i s returned to i n 
Chapter 6. 
The middle succession i s divided i n t o a lower and an upper section. 
The d i v i s i o n i s the base of the major f l u v i a l incursion in the Kilmurry 
Bay successions. Palaeogeographies f o r these two periods of deposition 
are presented i n Figures 48 and 49. 
c) The Upper Succession 
This succession i s again divided i n t o two. I t s lower part ( i ) occurs 
i n four l o c a l i t i e s , i t s upper part ( i i ) i n only two (Fig. 35). 
Part i of the upper succession: Descriptions and I n i t i a l Interpretations 
(Redcl i f f ) 175 metres of the measured section at Redcliff occurs 
wi t h i n t h i s part of the succession (Figs 19, 35, 50). 
The Redcl i f f deposits are once again wholly aeolian, deposited by 
barchanoid or transverse, possibly compound, generally slipfaced dunes 
(Assemblage G or I ) . Some cosets deposited by a single aeolian bedform 
with modification surfaces, are up to 25 metres thick (Figs 26, 50, 51). 
A l l the dunes migrated towards the south or sc^theast. The succession 
contains many wide gently trcxigh-shaped bounding surfaces, up to hund-
reds of metres wide. Occasionally the troughs have steep sides, reach-
ing 15^, as at the base of a 25 metre"thick slipfaceless dune deposit 
which begins at 220 metres i n the Redcl i f f section (Fig. 50). 
Inch Glen (Fig. 19, 35) 5 kilometres to the east i n Inch Glen, a sim-
i l a r succession occurs. However, i t was cut by an 800 metre wide north-
ward flowing shallow channel believed to be a prograding fan lobe. This 
i s discussed i n d e t a i l i n section 4.7.b. This channel does support the 
hypothesis that the main a l l u v i a l fan deposition was i n the Inch area, 
where the scarp was probably higher than to the south of the Kilmurry 
Bay area. 
Eastern Acres Point (Figs 19, 35, 40) At t h i s locality,- the aeolian 
dune deposits continue from the previous succession. They again resem-
ble the Redcliff aeolian deposits, and are believed to have been depos-
ited by large, siinple or compound slipfaced barchanoid dunes (Assem-
blages G or I ) . Average set thickness i s s l i g h t l y less than at Redcl i f f 
(Figs 40. 50, 51). 
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FIG. 49. PALAEOGEOGRAPHIC RECONSTRUCTION FOR THE UPPER HALF 
OF THE MIDDLE SUCCESSION IN THE CAHERBLA GROUP. 
(See FIG 35) 
Western Kilmurry Bay (Fig. 19, 35, 45) This section i s well exposed 
in coastal c l i f f s and quarries. I t i s composed of four fluvio-aeolian 
associations, siinilar to those i n the middle succession. Again, the 
th i n f l u v i a l assemblages between 1 and 5 metres thick (Assemblage E) 
are more common than the larger, more extensive f l u v i a l assemblages 
(Assemblages Cand D). 
Fluvial structures s t i l l indicate that flow was to the west-south-
west, but the structures suggest that flow directions were more spread 
around the mode. This i s p a r t i c u l a r l y so for the large channel assem-
blage (D), extending from 257 to 290 metres. 
Also, from 200 to 205 irietres two minor interdune channels flowed 
to the east and southeast. 
The micaceous, shoaling barchan-transverse aeolian dune assemblage 
from 226 - 248 metres i s believed to have been channel source-bordering. 
Foresets of dunes that migrated to the north and northwest 
predominate i n the aeolian assemblages. These assemblages also contain 
the highest proportion of deposits of reversing dunes (Assemblages H 
and J ) . 
Upper Succession: Part i : Discussion 
The Redcliff upper succession i s similar to the Redcl i f f middle succes-
sion. This further supports the case for a dunefield r e l a t i v e l y , adjacent 
to the f a u l t scarp and fans, and having s u f f i c i e n t r e l i e f to exclude 
floodwaters. The trough-bounding surfaces suggests that the aeolian 
bedforms were large and barchanoid. These were conmonly slipfaced but 
in the upper part of the succession included a slipfaceless compound 
dune (Assemblage I ) . 
I t i s interesting to note that the preserved thickness of th i s 
bedform (25 metres) i s very similar to the thicknesses of similar bed-
forms preserved at the distant Curraheen Glen (Fig. 27; Plate 17). 
In Inch Glen, the wide channel cut by the prograding fan lobe i n -
dicates that the fan was s t i l l p a r t i a l l y active, and may have been 
sourcing the r i v e r s flowing to the west-southwest i n the Kilmurry area. 
This Inch Glen channel, cut across the trend of the very large, probably 
compound dunes also indicating that fan a c t i v i t y was more s i g n i f i c a n t i n 
thi s area, than to the west i n Kilmurry Bay. 
Whilst similar dune deposition to the Redcl i f f area occurred to 
the east of Acres Point, fluvio-aeolian deposition continued i n the 
western Kilmurry Bay section. 
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FOR THE REDCLIFF SECTION ( S E E FIG. 50). 
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FIG 52 AN UPPER HEMISPHERE POLAR PROJECTION FOR POLES 
TO AEOLIAN DUNE FORESETS FROM THE REDCLIFF SECTION 
(SEE FIG 50) - WITH BEST FIT DIRECTION (RESULTANT DUNE 
MIGRATION DIRECTION) 
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FIG. 53 PALAEOGEOGRAPHIC RECONSTRUCTION FOR THE UPPER 
SUCCESSION IN THE CAHERBLA GROUP (See Fig. 35) 
The increase i n north and northwest migrating dunes and similar 
dune reversals on south and southeast migrating diones suggests a grad-
ual change i n wind regime i n t h i s western Kilmurry Bay area. This 
change may be due to gradually decreasing protection by the f a u l t scarp 
from southerly winds. This would be l i k e l y to occur due to both ero-
sion of the scarp and basin f i l l i n g . 
As i n the middle succession, dune set thickness i n the Kilmurry 
Bay area i s generally far less than at Redcli f f (Figs 45, 47, 50, 51). 
This r e f l e c t s the dominance of small shoaling dunes rather than large, 
slipfaced probably compound dunes. This difference may be due to the 
dunes i n the West Kilmurry Bay section having accumulated near t h e i r 
channel sources ( c f . Simpson and Loope 1985). The migration rates of 
such small dunes would, however, have been correspondingly greater ( c f . 
Bagnold 1941). This could allow rapid dune colonisation of ephemerally 
flooded areas. 
A palaeogeographic reconstruction for the region during t h i s and 
the subsequent period of deposition i s presented i n Figure 53. 
Upper Succession, part i i . Descriptions and I n i t i a l Interpretations 
The Redcliff succession continues with l i t t l e change, whilst i n the 
furthest l o c a l i t y to the west, the unique Minard Head succession begins. 
At t h i s l o c a l i t y , a very large transverse to barchanoid compound dune 
assemblage occurs. This i s at least 30 metres thick. This frequently 
slipfaced compound dune migrated dominantly to the south, but also con-
tains reversed, parasitic dunes and giant crestal reversals (Assemblages 
H and J)(Figs 19, 25, 35; Plates 15, 16). 
This i s overlain by f l u v i a l assemblage (F), a very d i s t a l interdune 
channel deposit f i l l e d by successive, shallow, low energy floods. 
Discussion The two successions indicate a continuation of similar con-
diti o n s from the underlying successions. The dunefield i n the Re d c l i f f 
area continued to accrete through southeastward shoaling of compound 
dunes. In the Minard Head area to the west, large reversing, compound 
dunes with d i s t a l f l u v i a l flood deposits occurred. This again supports 
the concept of a palaeogeography i n which both fluvial/and aeolian 
patterns of deposition were controlled by a major f a u l t scarp l y i n g to 
the south (Figs 37, 53). 
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The Caherbla Group - Successions and Palaeogeographies. Conclusions 
As stated above, i t appears that both a l l u v i a l fan and aeolian dune 
deposition were controlled by the west-southwest to east-northeast 
trending f a u l t scarp. This f a u l t lay perhaps 4 to 5 kilometres south 
of Inch, based upon gravity and magnetic anomalies (Murphy 1960, 
Inamdar and Home 1971, Max and Inamdar 1983)(Fig. 37). 
A l l u v i a l fans shed northwards from the scarp, probably forming a 
piedmont fan complex. Their coarsening up, then f i n i n g up cycle, docu-
ments a sedimentary response to a single f a u l t movement. The fans pro-
graded, then established quasi-equilibrium. During t h i s l a t t e r period, 
the dunes were able to advance southwards over dormant or abandoned 
areas of the fans. 
In the region between Acres Point and CXjrraheen Glen (Figs 19, 35), 
the dunes were frequently large, slipfaced and probably barchanoid,com-
pound or large,slipfaceless^barchanoid conpound forms. These shoaled 
southwards i n the area protected by the f a u l t scarp from winds from the 
south (Figs 37, 47, 48). 
Both these shoaling dune deposits and the fan deposits suggest that 
the scarp was higher i n t h i s eastern area than i n the western Kilmurry -
Minard Head area. I t i s l i k e l y that drainage diversion by aeolian 
dunes caused resultant f l u v i a l flow to be towards the west-southwest i n 
these western areas (Figs 47, 48). 
In the eastern area, the f a u l t scarp was capable of protecting a 
f a i r l y broad b e l t of dunes from reversed winds. 
The dunes extend between 3 and 6 kilometres to the north of the 
f a u l t , the top of the scarp. Therefore, the scarp i s l i k e l y to have ex-
tended at least 800 metres above the f l o o r of the basin i n order to 
shelter t h i s area from southerly winds ( c f . Forchtgott 1949, Bagnold 
1941 p. 194; Kolm 1982)(Fig. 54). 
A wind vortex i n the lee of the scarp, during periods of winds 
from the south, may also have assisted dune migration towards the south 
and southeast. 
Forchtgott (1949) demonstrated models of wind vortices i n the lee 
of topographic features. However, unless the scarp were several k i l o -
metres high, the vortex could not be wide enough to be the sole cause 
of dune migration toward the south and southeast (Fig. 54). 
This matter i s discussed further i n Chapter 7. 
The climate was evidently quite dry, as evidenced by the ephemer-
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R o t o r S t r e o m t n g R o t o r S t r e o m i n g 
A,B), AFTER FORCHTGOTT (1949), MODIFIED BY KOLM (1983), Note the height of the uplands In relation to the area 
Influenced by reversed winds in the vortex Note different wind speed profiles for A and B 
C). MODEL FOR THE WINDS CONTROLLING THE DEPOSITION OF THE KILMURRY SANDSTONE FORMATION 
Prevailing wind to the present NNW. (See Oh. 7), This had little influence due to protection of area by the fault scarp. 
It probably created an elongate vortex In the lee of the scarp. This vortex could not have been wide enough to cause 
accretion of the dunefield. (N-S) Therefore the field accumulated due to winds from the NW from which It was not protected. 
FIG. 54. MODELS FOR WIND CELLS IN THE LEE OF UPLANDS 
a l i t y of parts of the f l u v i a l system and supported by the presence of 
a moderate sized local dunefield. 
However, trace f o s s i l s occur i n abundance throughout the windlain 
and waterlain deposits, possible debris flow deposits are very rare 
( c f . Beaumont 1972), and there i s no evidence of any evaporite deposi-
t i o n . F i n a l l y , the sedimentary sequences do not resemble those of 
recognised semi-arid to arid areas. For instance, the present Death 
Valley area (c f . Denny 1964), or the Permian Rotliegendes deposits of 
northwest Europe (Laming 1966, Glennie 1970, 1972, Nagtegaal 1979) 
(Chapters 8 and 9). 
This suggest that although r a i n f a l l may have been seasonal 
(monsoonal?) or simply sporadic, the area was not as a r i d as the climate 
during deposition of Permian Rotliegendes deposits ( c f . Blackboum 1981) 
This agrees pa r t l y with the suggestions of Woodrow et al_. (1973) who 
suggested that much of the Old Red Sandstone continent, including the 
B r i t i s h I s l e s , possessed a t r o p i c a l wet and dry climate. This i n t e r -
pretation could be reconciled with palaecmagnetic reconstructions sug-
gesting that by the upper Devonian, the southern B r i t i s h Isles lay 
between 3 and 25*^  south of the Equator (Morel and I r v i n g 1978, Tarling 
1980, Smith, Hurley and Briden 1981, Scotese et a l . 1985). This i s 
further discussed i n (Chapter 7. 
F i n a l l y , there i s no evidence of vegetation w i t h i n the Caherbla 
Group. I t i s l i k e l y that an inland area w i t h possibly seasonal r a i n -
f a l l remained sparsely vegetated during the middle to upper Devonian 
(Edwards 1980, 1985). This lack of vegetation would have caused i n -
creased run-off rates for any given amount of r a i n f a l l (Schumm 1968, 
Cotter 1978). A lesser^quantity of binding vegetation would also have 
allowed areas i n a wider range of climatic belts to be reworked by 
aeolian processes ( c f . Laming 1966, 1982, Ross 1983). This may have 
increased apparent sedinientologic s i m i l a r i t i e s t o more recent semi-
arid environments. 
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CHAPTER 5 
THE POINTAGARE QIOUP (MIDDLE CR UPPER OLD RED SANDSTONE), DINGI£ 
PEbJINSULA, EIRE 
5.1 Introduction 
The Glengarrif Harbour Group lies with angular unconformity above the 
Caherbla Group i n the southeast of the Dingle peninsula (Gardiner and 
Home 1972). The Glengarrif Harbour Group was demonstrated to pass con-
formably upwards into Carboniferous shallow marine deposits (Home 
1974). I t i s therefore believed to be upper Old Red Sandstone (Home 
(1974), 
The Group was divided into three formations by Home (1974): The 
Lough Slat Conglomerate Formation, followed by the West Cork Sandstone 
Formation, and the uppermost Coomhola Formation (Figs 55, 56). 
Home (1974) applied this stratigraphy to the whole of the Dingle 
peninsula, including the northwestern Ballydavid area. However, i n the 
northwest he found that the members constituting the West Cbrk Sandstone 
Formation formed a thicker and more diverse sequence. These north-
western members were accordingly given local names (The Beenmore and 
overlying Ballyroe Member). Home (1974) envisaged these members as the 
local, predominantly lateral equivalent of the Cappagh member that 
formed the whole of the Formation in some parts of the peninsula. 
However, an exposiire on Beenan^n at Q 400 116 (Fig. 59, 270 metres) 
proves that an angular unconformity occurs between the Beenmore and 
Ballyroe Members of the West Cork Sandstone Formation. 
The 'Ballyroe Member' above the unconformity i s also similar to 
the Lough Slat (Conglomerate Formation of other areas on the peninsula 
and is followed by the Cappagh Member of the West Cork Sandstone Forma-
tion (Home 1974)(Fig. 56.a). I t is also l i k e l y therefore that the 
units above this previously unrecognised unconformity constitute the 
Glengarrif Harbour Group (Fig. 56.b). Those that l i e with angular un-
conformity on the Dingle Group but below the Glengarrif Harbour Group 
unconformity occupy a similar stratigraphic position as the Caherbla 
Group in the south and east of the peninsula. However, there is no bio-
stratigraphic, provenance or palaeocurrent data that'indicates the 
sequence i n the northwestern area to be the Caherbla Group. The petro-
graphic and palaeocurrent data of the northwestern sequence instead 
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resemble the overlying Lough Slat Conglomerate Formation and West Cork 
Sandstone Formation. Therefore, i n the absence of any positive evi-
dence, the northwestern sequence is for the time being classified as a 
separate entity - the Pointagare Group. 
Following similar reasoning asrfor the Caherbla Group, the Group's 
stratigraphic position i s probably Middle or upper Old Red Sandstone 
(Fig. 5 5 ) . 
The Group is divided into a lower Beenaman Conglomerate Formation 
and an upper, Beenmore Sandstone Formation. (These were previously 
the Lough Slat Conglomerate formation and overlying Beenmore Sandstone 
Member:Of Home 1 9 7 4 ) ( s e e Fig. 5 6 ) . 
These two formations were of interest, as i n the 2 6 0 metres thick 
Beenmore Sandstone Formation, Home ( 1 9 7 1 , 1 9 7 4 , 1 9 7 6 ) had recognised 
cross-sets up to 1 2 metres thick within red, well-sorted medium sand-
stone. These cross-sets were interbedded with thinner flat-bedded 
sandstones. 
Home ( 1 9 7 1 ) interpreted the thick cross-sets as deposits of aeoli-
an dunes that migrated northwards and the flat-bedded sandstones as 
the deposits of interdune areas. 
As the two formations comprising the Pointagare Group have a wide 
gradational boundary, they may be examined together as a sequence con-
taining six facies. 
5 . 2 The Facies 
a) Faccies 1 : Sandy Conglomerate 
Description Rudaceous clasts form over 5 0 7 o of the facies, although 
often the clasts are supported by the coarse to medium-grained l i t h i c 
sandstone. The largest observed clast was 3 5 x 2 0 x 2 0 centimetres, but 
clasts over 1 0 centimetres diameter are rare (Plate 2 0 ) . Modal clast 
size i s commonly less than one centimetre. The clasts are moderately 
spherical and are often equant with some blades and discs (the classi-
fication of Krumbein 1 9 4 1 , amended from Zingg 1 9 3 5 ) ( P l a t e 2 0 ) . Clasts 
over five centimetres i n diameter are commonly sub-rounded to rounded, 
whilst smaller clasts are sub-angular. 
5 0 - 6 0 7 o of the clasts are vein quartz, with lesser : amounts of 
brown or yellow quartzite, quartz schist, red or brown jasper and some 
white or fawn chert (cf. Horne 1 9 7 4 ) . 
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FIG.57.A SUMMARY SECTION THROUGH THE POINTAGAREGROUP, 
M-U ? ORS ON THE WESTERN FLANK OF BEENAMAN. 
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Beds are comnonly sheets, 1 0 - 2 5 centimetres thick, which fre-
quently fine upwards, sometimes passing into pebbly sandstone (Facies 
2)(Fig. 5 8 . a ) . The beds often appear massive, with most clasts reorien-
ted to the marked tectonic cleavage. Occasionally, small trougih f i l l s 
are visible on east-west trending faces. These are ccmmonly 1 0 - 2 0 
centimetres deep and 5 0 - 1 0 0 centimetres wide. Rare, low-angle cross 
sets, up to 2 5 centimetres thick, dip to the south and east. Very occa-
sionally, two or three beds were observed to form an overall'fining-up-
wards cycle up to two metres thick." 
The facies is poorly exposed i n high,inaccessible c l i f f s i n which 
the beds dip steeply into the sea. 
Facies 1 : Interpretation The redness, coarseness and poor sorting 
of the deposit, together with the presence of trough f i l l s within sheets 
and lack of marine fossils, suggest that i t was formed by low sinuosity 
f l u v i a l or alluvial fan deposition. 
The large size of some clasts indicate the drainage system exper-
ienced, at least periodic high energy flow. However, the thinness of 
most beds, lack of fining-upwards cycles over tvro metres thick and 
apparent absence of large cross sets a l l suggest that the channel or 
channels were shallow, with l i t t l e intrachannel variance in depth. The 
poorly exposed sedimentary structures appear to indicate flow to the 
south or southeast. 
b) Facies 2 : Pebbly Sandstone 
Description (Plate 2 0 ; Fig. 5 8 ) Rudaceous clasts form less than 5 0 7 o 
of the deposit and 'float' i n medium to coarse-grained l i t h i c arenite. 
This sandstone matrix is conposed of angular to rarely sub-rounded 
grains. Clay intraclasts rarely occur. 
Rudaceous extraclasts are rarely over five centimetres in diameter. 
Modal diameters of the extraclasts are one centimetre or less. The 
extraclasts have similar sphericity, shape, roundness and compositions 
to facies one. 
Beds range i n thickness from.'5 to 8 0 centimetres, and where observ-
ed in large c l i f f faces were observed to form sheets or-very shallow 
lenses up to 5 0 metres wide perpendicular to the approximate palaeo-
current direction. The beds frequently fine upwards, with matching 
decreasing pebble content. Narrow trough-cross sets are common with 
troughs between 5 and 8 0 centimetres deep and 2 0 to 1 5 0 centimetres wide. 
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FIG. 58. SECTIONS FROM THE FAN-FLUVIAL DOMINATED 
LOWER SEQUENCE IN THE POINTAGARE GROUP. 
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More rarely, planar cross sets with foresets dipping between 10 and 40° 
occur. These may also be up to 80 centimetres thick. Ihe trough cross 
sets dip at up to 40° although more ccnroonly 10 - 20°, and dip towards 
the south or southeast in most instances (Figs 58.a, b, 60). Planar 
cross-sets generally dip i n the same direction, although with wider 
spread, including foresets dipping to the southwest and east also. 
Where margins to the planar sets are visible, they wedge out, due to an 
overlying set or are cut out by a trough margin. 
At 35 metres, three planar sets form a cycle that coarsens upward 
slightly and can be seen to coalesce to form a single large slipface i n 
a downcurrent direction (Fig. 58.b). 
Facies 2: Interpretation The redness, coarseness and poor sorting of 
the deposit, combined with the presence of structures deposited by uni-
directional flow and f i n a l l y lack of marine fossils suggest that the 
deposit was formed by f l u v i a l or alluvial fan deposition. 
The extensive, thin sheets and lenses observed i n the upper low 
pebbly half of this member (Plate 21; Fig, 57) sioggest that shallow 
channels approached at least 50 metres i n width. 
Trough cross-sets have been demonstrated to form by f l u v i a l dune 
miration (Harms and Fahnestock 1965, Allen 1982). As the trough cross-
sets are narrow and thin i t i s probable that they were formed by 
sinuous or linguoid small dunes (cf, Allen 1982, Vol. 1, (]h. 
9; Cant 1978). Cant (1978) demonstrated that 1.5 metre high dunes could 
deposit trough cross-sets up to one metre thick. By analogy to modem 
examples this could mean that the channels i n which the pebbly sand-
stone facies was deposited were only one to three metres deep (cf. 
Allen 1982, Fig. 8.20). 
Pining-upwards cycles conposed of two to four beds can occasionally 
be recognised. (Figs 58.a, b). These may represent a cycle of channel 
aggradation. As each particular channel f i l l e d , i t carried flows of 
decreasing corapentency (cf. C^t and Walker 1978). 
At 35 metres, three stacked, apparently planar cross-sets coarsen 
upwards overall, and form a single planar set in a downstream direction 
(Figs 57, 58.b). This cycle is interpreted as a bar form similar to 
those described by Bluck (1980), However, i n this case sudden aggrada-
tion in the depression i n front of the bar caused preservation of the 
main bar front. 
No evidence of sub-aerial exposure was seen in this facies. 
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Plate 20. Beds from 34-35.5 metres i n the poorly exposed 
Beenaman Conglomerate Formation. A massive 
pebbly sandstone bed (facies 2) fines upward 
and is capped by a sparsely pebbly sandstone sheet. 
This contains a minor lateral scour f i l l . The 
general palaeocurrent was directed to the south-
east. Western flank of Beenaman, View toward 
north. Face trends east-west. Tape is one 
metre long. 
Plate 21. The upper c l i f f section on the western flank of 
Beenaman. The upper 50 metres of the Beenroore 
Sandstone Formation, lower member (a). Sandstone 
sheets (facies 3) with occasional pebbly sandstone 
sheets (facies 2). The sheets are parallel-
laminated, or composed of trough or planar cross-
sets. The sequence is interpreted as the deposit 
of a wide, shallow, sandy, low sinuosity river 
that flowed to the southeast. 
The main faces in the view trend roughly east-west 
and are viewed from the south. 
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c) Facies 3: Medium to fine-grained sandstone sheets, with parallel 
lamination, cross-sets and rare clay caps 
Description (Figs 58.c, d) The beds are l i g h t yellow, grey or greyish-
brown. Virtually a l l are medium-grained litharenite or sub-litharenite, 
but are occasionally fine-grained. The grains are generally moderately 
spherical and sub-angular, even when associated with facies 4. Clay 
intraclasts are far more common than i n the previous two facies, but 
s t i l l constitute less than one or two percent. 
Beds range from 3 to 65 centimetres thick, forming extensive sheets 
or shallow lenses which may be metres or tens of metres wide. The thin 
massive, or parallel-laminated beds sometimes fine upwards into thin 
clay sheets up to five centimetres thick, although rarely over one 
centimetre thick. Very rarely, these contain sand f i l l e d , near v e r t i -
cal cracks. The beds with clay sheets may reach widths of over 20 
metres perpendicular to palaeocurrent (Plate 21). Thicker, massive 
sandstone beds may fine-upwards but have no clay cap. Sheets of small, 
trough or more rarely planar cross-sets s t i l l predominate. These may 
be even thinner or narrower than those i n facies 2. Their foresets 
again dip generally to the southeast or south. However, they may dip to 
the east or east-northeast where they l i e within the few metres below 
deposits of facies 4. 
In some of the thinner parallel-laminated sandy beds, small, v e r t i -
cal meniscate burrows rarely occur. These may be Scoyenia (cf. Moore 
1962). 
Facies 3; Interpretation This facies has many similarities to facies 
2 and is therefore believed to be part of a low sinuosity, sandy f l u v i a l 
system. 
However, the beds are thinner and finer, are more frequently paral-
lel-laminated and may be capped by mudstone. These features suggest 
that the facies was deposited in shallow, less competent flow. This 
interpretation i s supported by the thinner cross sets and even narrower 
troughs. 
The association of these beds with facies 2 (Fig. 58.c) suggests 
that they represent areas where flow was shallower and less competent. / 
These may have been low stage deposits on the main channel floor, shalr 
lower channels on the margins of the main channel (cf. Cant and Walker 
1978), or alternatively sandy channel margin to floodplain deposits 
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(cf. Schumm and Lichty 1963, Bluck 1980). 
The increased amount of raudstone intraclasts indicate that either 
periodic higher competency flow or lateral migration of the channel 
frequently destroyed such deposits. 
However, dessication features are s t i l l rarely observed i n con-
trast to the similar thicknessGaherbla Group facies (Ch. 3). This may 
indicate that the river system, although shallow and of variable depth, 
was not ephemeral. Further, this suggests that most of the preserved 
deposits did l i e within some part of the channel. 
Therefore, i t appears probable that where a substantial sequence 
of facies 3 beds occur, they represent the near-marginal to marginal 
deposits of a sandy, low-sinuosity channel (cf. Bluck 1980). Based on 
the extensive sheet form of many of the facies 3 beds and the lack of 
any sharply incised margins, channel margins may have only sloped at a 
few degrees (cf. Gibling and Rust 1984). 
d) Facies A; Well to very vrell-sorted medium sandstone, frequently 
forming very large, planar cross-sets 
Description (Plates 22, 23; Figs 58.c, d, 59) The facies i s composed 
of li g h t or dark red, well to very well-sorted, medium-grained l i t h i c 
or sub-lithic sandstones. The sand grains are moderately spherical and 
generally sub-angular. 
The sandstone constitutes large, tabular sets of planar foresets 
up to nine metres thick and often four to five metres thick (Figs 59, 
62). Rarely, the unit is a coset of similar thickness due to the pres-
ence of minor internal bounding surfaces. These truncate the foresets 
and dip at lower angles i n the general forest dip direction. However, 
they are also truncated by the main tabular bounding surfaces (Fig. 59; 
193.5 metres). 
The foresets dip toward the north-northwest, with very l i t t l e v a r i -
ance i n direction (Figs 59, 61). They reach dips of up to 32°, or i n 
one instance 35°, and generally have long toes (Fig. 59). 
The laminae forming the foresets are extensive and sharply defined, 
apparently due to contrasts i n maximum grain size between laminae. 
Some of the laminae are recognised to be of three types of small-
scale strata. 
F i r s t l y , rare, inversely-graded strata up to one centiinetre thick 
of medium sandstone. These are found on the toes of foresets, at angles 
of up to 15°. 
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Secondly, very rarely recognised, normally-graded strata, up to 
two centimetres thick, composed of medium sandstone. These are recogn-
ised on segpaents of foresets dipping at less than 20*^ . 
Thirdly, somewhat coarser strata up to five centimetres thick, but 
rarely over two centimetres thick. These appear to be internally hono-
geneous. These generally occur on segments of foresets dipping at 
over 15^ and are occasionally seen to wedge out down dip. 
However, recognised units of these three types of small scale 
st r a t i f i c a t i o n form only a few percent, of the facies. In most instan-
ces, the laminae are thin and apparently ungraded. But:this may be due 
to lack of grain-size or poor exposure. 
Facies 4: Interpretation The high degree of sorting, large set 
thickness, sharply defined foreset laminae and the combination of small-
scale s t r a t i f i c a t i o n types are a l l characteristic of aeolian dune depo-
sits (see Ch. 3). Their foreset dip direction i s also v i r t u a l l y opposed 
to that of the three f l u v i a l facies, indicating the dunes migrated to 
the north-northwest (Fig. 61). 
The tabular-planar form of the sets, supported by the very low 
spread of foreset dip directions, suggest that the dunes were transverse 
(Figs 59, 61)(cf. Glennie 1970, Figs 68, 82, 83). 
The largest dunes reached a h e i ^ t of at least nine metres, and 
possibly considerably higher. The rare, minor bounding surfaces within 
some tabular sets are interpreted as modification surfaces (see Ch. 4). 
As the sets are observed to have increased gradually i n size, the dunes 
were probably simple. 
The inversely-graded small-scale strata are similar to those des-
cribed by Hunter (1977) to have formed by wind ripples climbing at low 
angles whilst migrating (see Chs.3, 4). 
The very rare, normally graded small-scale strata are interpreted 
as the deposits of aeolian grainfall from suspension (cf. Fryberger and 
Schenk 1981). 
The coarser, thicker, more homogeneous small-scale strata are 
interpreted as sandflow strata as described from modern dune slipfaces 
by Bagnold (1941, pp 201, 239) and McKee (1982, Fig. 13 i n Ahlbrandt 
and Fryberger 1982). 
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FIG. 59 .a . KEY FOR ALL S E C T I O N S FROM THE POINTAGARE GROUP 
• 
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5. 
5.b. 
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FIG, 60. AN UPPER HEMISPHERE POLAR PROJECTION FOR P O L E S TO FLUVIAL 
CROSS BED F O R E S E T S (SOLITARY SYMBOLS). OR TROUGHS (PAIRED SYMBOLS) 
• - FROM SECTIONS IN FIG. 69.a,b. ^ - FROM SECTIONS IN FIG. 69.C. 
O - FROM SECTION IN FIG. 69.d. 
FIG. 61. AN UPPER HEMISPHERE POLAR PROJECTION FOR POI-ES TO 
AEOLIAN DUNE FORESETS FROM THE BEENMORE SANDSTONE FORMATION 
THE BEST FIT DIRECTION INDICATES THE RESULTANT TRANSVERSE DUNE 
MIGRATION DIRECTION. 
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e) Facies 5: Sandstone sheets containing inversely-graded small-scale 
strata 
Description (Fig, 59) This facies i s regularly interbedded with tabu-
lar , cross-sets formed by aeolian dune migration (facies 4). 
Type i ) The facies is composed of massive or parallel-laminated sand-
stone sheets. These are composed of medium-grained sub-litharenite or 
litharenite. They are normally coarser grained than the preceding 
facies, and have a bimodal grain-size distribution vrLth modes of 0.15.. 
and 0.4 - millimetres diameter. The coarser grains may be spherical and 
well-rounded, although the finer grains are frequently sub-angular. 
Beds are coninonly 20 - 30 centimetres thick, although reaching up 
to 60 centimetres thick. These may form multi-storey sheets up to one 
metre thick. 
Shallow scours up to one metre wide and ten centimetres deep may 
occasionally be observed i n faces cut parallel to dune migration direc-
tion. 
In some rare instances, inversely-graded laminae can be observed. 
Further, thin clay laminae less than a few millimetres thick may occur 
within or capping a sandstone Sheet. In rare instances, these may ex-
tend up a lower foreset in the overlying aeolian dune deposit (facies 
4; Fig. 59, 156.5 metres). 
Type i i ) In other cases, this facies has a less bimodal grain-size dis-
tribution and contains gently undulose concavo-convex structures. These 
may contain normally graded laminae i n addition to inversely graded 
laminae (Fig. 59, 167 metres). 
Clay flakes up to 10 x 2 millimetres are f a i r l y common at the base 
of both beds. 
Facies 5 (type i ) : Interpretation The deposits are regularly inter-
bedded with tabular aeolian dune deposits and have a . bimodal grain 
size distribution. These features are characteristic of dry, aeolian 
interdune deposits (Bagnold 1941, McKee 1966, 1979b). 
As discussed in facies 4, the inversely-graded laminae are pr(xiu-
ced by the migration of wind ripples climbing at a low angle. 
The mudstone flakes and thin mudstone drapes do not mitigate again-
st an aeolian origin for the interdune deposit. Mud flakes have been 
described from aeolian deposits by Glennie (1970, p. 41). The thin 
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mudstone laminae may indicate that puddling occurred on the interdune 
area during r a i n f a l l . The mudstone laminae extending up the aeolian 
dune toe may have been due to a deeper, but relatively clear water 
flood. An alternative explanation, suggested by Laming (1954) is that 
clay flakes were blown onto the toe, these were subsequently welded i n -
to a single lamination by moisture on the dune toe. This latter expla-
nation could also explain the thinness of the mudstone layer and lack 
of any deformation of the dune toe. 
Type ii: Interpretation The blmbdal grain size distribution is a 
characteristic of aeolian interdune deposits, however this bimodality 
is less pronounced than i n type ( i ) . Aeolian normally graded laminae 
have been interpreted by previous workers as created by aeolian grain-
f a l l from suspension (Fryberger and Schenk 1981). 
These features, together with gentle concavo-convex structures 
(Fig. 59, 167 metres), are characteristic of aeolian sheet sands, which 
may l i e within or outside a dunefield (Fryberger, Ahlbrandt and Andrews 
1979, Ahlbrandt and Fryberger 1981). 
Whilst the type ( i ) aeolian deposits might have had r e l i e f .cut by 
deflation, these type ( i i ) sheet sands may have had some positive re-
l i e f due to sheet sand deposition (cf. Fryberger, Ahlbrandt and Andrews 
1979). 
f ) Facies 6: Sheets of muddy sandstone regularly interbedded with 
aeolian dune sets (facies 4) 
Description (Fig. 59; Plate 23) Once again, the facies is regularly 
interbedded with aeolian dune cross-sets (facies 4). The medium-grained 
sub-litharenite or litharenite can range from well to poorly sorted or 
have a bimodal grain-size distribution. Grains are sub-angular to sub-
rounded unless over 0.4 millimetres diameter, i n which case they may 
be spherical and well rounded. Detrital mica may be disseminated 
through the sandstone, or form thin sheets. Mudstone intraclasts up to 
5 by 20 millimetres occur and the smaller intraclasts are conmon i n 
some beds. 
Individual sheets are up to 60 centimetres thick, but these may 
form multi-storey units up to 2.5 metres thick (Fig. 59, 225 metres). 
The beds may be massive, parallel or wavy-laminated, and may fine up-
wards. They frequently have mudstone caps, which can reach three 
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centimetres i n thickness, although they are often only a few millimetres 
thick. The thinner mudstone sheets rarely extend up a lower foreset i n 
an overlying aeolian dune set, for up to one metre above the base of 
the dune cross-set. The raudstone laminae sometimes have regular cracks 
with sand f i l l s . 
The sandstone units may contain shallow scours, small convolute 
laminations, and rarely subaqueous small-scale ripples. At 161 metres 
(Fig, 59), trochoidal wave ripples occur. Possible adhesion ripple 
structures are observed on the tops of some sandstone beds as at 151.5 
metres (Fig. 59)(cf. Humnnel and Kocurek 1984, Kocurek and Fielder 1982) 
Where multi-storey units of facies 6 occur, the upper beds normal-
ly contain more disseminated mud and more mudstone layers. 
Facies 6: Interpretation The very regular inter bedding of the beds 
with tabular aeolian dune sets, suggests that they are interdune 
deposits. 
As the beds contain small-scale current and wave ripples, sometimes, 
fine upwards, frequently have raudstone caps which are occasionally 
dessication-cracked, they are believed to be waterlain. 
As the beds have planar bases with v i r t u a l l y no scours cut into 
the underlying aeolian set, their bases are not believed to have been 
cut by aqueous processes. Instead, i t appears probable that the water-
lain deposits were lain on pre-existing interdune deflation surfaces (cf. 
McKee and Moiola 1975, Kocurek 1981, Hummel and Kocurek 198A)(Fig. 67). 
This is dealt with in more detail later. 
The r a r i t y of current ripples, lack of scouring, and presence of 
rare wave ripples suggest that the water was ponded. 
The sometimes dessication cracked mudstone laminae i n the upper 
parts of beds suggest that water levels i n the ponded areas did vary, 
occasionally allowing sub-aerial exposure of waterlain deposits. This 
is also suggested by the possible adhesion ripple structures i n fine 
sandstone caps to sandstone beds. 
The upward increase in mudstone laminae and dispersed clay through 
individual multi-storey units of this facies may reflect the shallowing 
of that part of the pond or flooded area as the dune approached from 
upwind (cf. Kocurek 1981)(Figs 65, 66, 67). 
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Plate 22 Northward dipping asymptotic foresets in a 3-nietre 
thick, solitary, tabular aeolian cross-set (facies 
• A). This is believed to have been deposited by a 
transverse dune that migrated northwards. The 
cross-set lies in a succession of sparsely pebbly 
sandstone and sandstone sheets. These are parallel 
laminated or trough or planar cross bedded (Fig, 
58.c). These are interpreted as deposits laid down 
on the margin of a broad, shallow, sandy, low 
sinuosity channel. 
The deposit occurs i n the main f l u v i a l sequence at 
the base of the Beenmore Sandstone Formation, lower 
member (a)(70 - 75 metres in the Pointagare Group). 
Hanrner marking diine toe is 27 centimetres long. 
Plate 23 Detail from the Beenmore Sandstone Formation upper 
member (b). The sandstone sheet in the base of the 
view i s interpreted to have been deposited i n an 
interdune area by minor flooding, or adhesion of 
aeolian sand to a moist surface (facies 6 or 5 
respectively). The overlying cross-set is inter-
preted as a transverse aeolian dune deposit. 
On the western flank of Beenaman, View to east. 
Ten centimetre scale. 
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5.3 The Sequence of Facies 
a) The Beenaman Conglomerate Formation 
The Beenaman (]onglanerate Formation forms the lowest, poorly exposed 
68 metres of the succession (Figs 56.b, 57). This formation is compos-
ed of sandy conglomerates (facies 1) and pebbly sandstones (facies 2). 
Ihe sandy conglomerates predominate i n the basal 30 metres. They 
were interpreted as the deposit of an alluvial fan or low sinuosity 
river. The palaeocurrent direction based upon trough and planar cross-
set foreset dip directions suggests flow to the southeast. ' 
The upper 38 metres of the Formation contain a predominance of 
pebbly sandstone (facies 2; Figs 58-a, b). This facies was interpreted 
as the deposit of a shallow, sandy, low sinuosity section of a channel 
system that flowed to the southeast. The predominance of trough cross-
sets with a low spread of foreset dip directions suggests that the 
transverse, sinuous, Sl^^U ()^.\es with lunate or linguoid faces, migra-
ted downstream. These may form sheets, because they moved i n transverse 
shoals (cf. Collinson 1978a) or alternatively because of the deposits of 
higher or lower competency flow capping the trough cross-bedded units. 
This latter explanation could be due to changes in overall channel 
water level or channel migration (cf. (^ollinson 1978a, C^ ant and Walker 
1978). 
The palaeocurrent direction is similar to that i n the underlying 
sandy conglomerate. 
The Formation is a fining-upwards sequence, with a matching dec-
rease i n clast content (Fig. 57). Therefore i t appears that subsequent 
to a period of u p l i f t and erosion, coarse deposits began to accumulate 
within the basin. Their palaeocurrent direction matches that for 
widespread, upper Old Red Sandstone deposits across the peninsula (cf. 
Gardiner 1975). Therefore, this sequence may have been deposited by an 
allu v i a l fan, or series of coalescent fans, spreading southeastwards. 
As the sequence fines upwards from near the base, fan progradation 
appears to haee been rapid and to have been followed by gradual decline 
in fan slope. This may have been due to basin f i l l i n g , or retreat of 
fan source (cf. Heward 1978). 
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b) The Beenmore Sandstone Formation, Lower member ( i ) 
This menber is chiefly composed of less pebbly sandstone (facies 2) and 
pebble-free f l u v i a l sandstone (facies 3). The latt e r facies increases 
in importance upwards (Fig. 57). 
Therefore, this member represents a continuation of the fining-
upwards cycle from the underlying Formation. 
However, near the base of the member, two aeolian cross sets occur 
(facies 4)(Figs 57, 58.c, d; Plate 22). 
The pebble-free f l u v i a l sandstones (facies 3) were interpreted as 
the product of the shallow sector of a low sinuosity river. However, 
their cross-bedded units have a some^diat wider spread of foceset dip . 
directions than the associated pebbly sandstone deposits (facies 2). 
The pebble free f l u v i a l sandstones also occur i n the lower part of this 
member i n association with the two tabular aeolian dune cross-sets. As 
the f l u v i a l facies composing the low sinuosity river deposits show l i t -
t l e evidence of dessication, i t appears probable that the major channels 
were ephemeral. This is su[pported by the r a r i t y of dessication feat-
iires even i n the thinnest and finest units which may have been deposited 
i n the shallower areas of the channels. Therefore, the solitary trans-
verse aeolian dune deposits appear most l i k e l y ;to have developed on 
the channel margins between floods. This occurs today on the Red River, 
Texas (Sellards 1923) and the Cimarron River, Kansas (Schuimi and Lichty 
1963). This suggests that the associated pebble-free f l u v i a l sandstone 
sheets with occasional mud layers (facies 3; Figs 58.c, d; Plate 22) 
were deposited on the channel margins and 'floodplain* (cf. Schunm 
and Lichty 1963, Bluck 1980). 
I t is important to note that the foresets i n the channel margin, 
f l u v i a l sandstones below both aeolian dune sets dip to the east-north-
east and west-southwest. These directions are perpendioular to the 
main channel flow, which was to the southeast, however they are parallel 
to the transverse dune trend. This may indicate that the soxirce-bor-
dering, transverse, aeolian dunes that occasionally developed along the 
channel margins could channel some floodwater to run between the aeoli-
an dune ridges (cf. Bluck 1980, Price 1938)(C^i. 2; Fig. 58.d). 
The upper 50 metres of the lower member of the'Beenmore Sandstone 
Formation (Fig. 57) i s composed of sparsely pebbly or pebble free sand-
stones i n sheets (Plate.21). This section is largely inaccessible, but 
appears not to contain any aeolian dune deposits. This suggests that. 
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alt±iough shallow channel or channel margin deposits are preserved, 
no source-bordering, aeolian dunes formed. A l t e r n a t i v e l y , the aeolian 
deposits may have been reworked by flooding, or channel margin deposits 
vrere persistently truncated below the level of the floodplain. 
The Beenmore Sandstone Formation, Upper Member ( i i ) 
I h i n trough-cross bedded sandstone sheets (facies 3) form the topmost 
uni t s i n the lower member. These are followed by t h i n tabular aeolian 
dune cross-sets (facies 4) forming the base of the upper member. The 
aeolian dune sets (facies 4) are subsequently interbedded w i t h wet and 
dry interdune deposits (facies 6 and 5). The dune sets form 13% of the 
recorded sequence through the upper member (Fig. 59). 
The f i r s t 90 metres of the 136 metre upper member are well exposed 
and both dune and interdune deposits can be observed to thicken upward. 
A) The aeolian dune deposits w i t h i n the succession The aeolian dune 
facies (4) has been interpreted t o have formed by the migration of 
r e l a t i v e l y low sinuosity, transverse dunes towards the north-northwest 
(Fig. 69). The dunes are believed t o have been simple, based upon 
the gradual increase i n set thickness from 50 centimetres to 9 metres 
(Figs 59, 62)(cf. Wilson 1970, 1972b). 
The. r a r i t y of modification surfaces w i t h i n the sets, suggests 
that wind reversals were rare, or could not move s i g n i f i c a n t quantities 
of sand (Fig. 59). 
The aeolian dune sequence appears to l i e conformably upon the 
underlying f l u v i a l sequence, and both are composed of l i t h i c arenite 
of a similar composition. These features suggest that the margins and 
*floodplain' of the sandy, low-sinuosity r i v e r supplied the aeolian 
dune sand-
As previously stated, the dune set thicknesses increase upwards 
through the succession (see Figs 59, 62). This appears to be matched 
by a s l i g h t increase i n the thickness of sandflow strata on aeolian 
foresets (Fig. 63). I n contrast, no corre l a t i o n existed between sandflow 
thickness and angle of foreset dip. 
In the modem. L i t t l e Sahara dunefield, Utah, Kocurek and Dott 
(1981) found that sandflows forming dune foresets were thicker i n the 
higher diines. As the sandflow thickness i n the Beeranbre Sandstone 
Formation appears not to be related to angle of foreset dip (Fig. 8 ) , 
one may suggest that each dune passing over the l o c a l i t y was larger and 
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higher than i t s predecessor. 
The thickest dune set i s 8.8 metres, with a maximum foreset dip of 
25^. By crude ccmparison to modem, simple, transverse dune p r o f i l e s , 
(McKee 1966, AnJ^-euis I??/ ) and extrapolation of the foreset up to 
32 , t h i s thickest set may have been formed by a dune around 15 t o 20 
metres high. 
In many modem deserts, a gradual increase i n dune size occurs i n i -
t i a l l y as the dunes become more distant from the aeolian sand source 
( c f . The Nebraska Sandhills, Ahlbrandt and Fryberger 1979; The Great 
Sand Dunes, Colorado, Andrews 1981)(Fig- 4). This phenomenon appears 
to be due to a continued sand supply to a dune as i t migrates downwind; 
the larger dunes are also capable of trapping more of the sand supplied 
(Wilson 1970, 1972b). 
The section through the Beenmore Sandstone Formation i s recorded 
from a single l o c a l i t y . Therefore the gradual aeolian dune size i n -
crease may have been caused by the dune sand source gradually migrating 
upwind.' I t i s therefore probable that the dunefield was elongating 
p a r a l l e l t o the pre v a i l i n g wind, due t o migration of sand source (the 
sandy r i v e r ) . Therefore, i t i s probable that the r i v e r was migrating 
upwind, on the upwind margin of the dunefield (Fig. 69), This south-
ward migration of the channel may have been due t o , or assisted by the 
accretion of aeolian sand dunes on i t s northern margin (compare t o the 
Red River, Texas - Sellard 1923)(Ch. 2). This aeolian dune accrediohu 
on the northern margin of the channel i s l i k e l y to have occurred during 
periods when the r i v e r was at low stage ( i b i d . ) . 
I t should be noted that the t h i n aeolian dune sets (up t o 1.5 
metres thick) near the base of the upper member, preserve only low 
angle segments of t h e i r foresets (Figs 59, 62). This may be due to the 
smaller, near-source dunes having had a lower angle of climb (compare 
to the Great Sand IXanes, Colorado - Andrews 1981). A l t e r n a t i v e l y , or 
addi t i o n a l l y , the r a t i o of dune spacing to angle o f climb may have sub-
sequently increased more rapidly than the r a t i o of dune height to angle 
of climb. This would r e s u l t i n a greater proportion of each dune fore-
set being preserved (Fig. 67). 
This increase i n the proportion o f the dune preserved i s shown t o 
have occurred i n Figure<2, which i s a graph of maximum foreset dip to 
dune set thickness. 
However, although the corre l a t i o n i s f a i r l y clear, two groups of 
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thicker .sets form discrete clusters o f f the cor r e l a t i o n l i n e . The sets 
from 159 - metres w i t h i n the Oroup (Fig. 59) contain foresets 
that are steeper than normal, r e l a t i v e to t h e i r set thickness, {^S'2o), 
This appears to be due to a sudden decrease i n dune size with an i n -
crease i n the angle of climb or spacing. 
The sets from 1 6 9 - 1 7 0 metres i n the G r b o p (Fig. 59) contain 
foresets that a t t a i n lower than average angles f o r the set thickness 
C2L\-2^) . This suggests that at 16? metres, dune size suddenly 
increased. 
F i n a l l y , near the top of the main measured succession (Fig. 59, 
220 - 228 metres), dune size and angle of climb again appear to have 
decreased. This lesser dune size appears to have continued to the top 
of the member, based upon sporadically exposed dune sets elsewhere on 
the Beenaman headland. These reach up to 4.5 metres thick, yet contain 
foreset dips up to 30^. This postulated decrease i n dune size appears 
to be matched by an increased number of modification surfaces, and may 
be due to: a decrease i n sand supply; or a change i n wind regime; or an 
increase i n p r e c i p i t a t i o n ( c f . Wilson 1970, 1972b, Glennie 1970, Simpson 
and Loope .1985). 
B) The succession of interdune deposits w i t h i n the upper member 
The interdune deposits (facies 5 and 6) are regularly interbedded w i t h 
the aeolian dune deposits (facies 4 ) . Their planar lower surfaces trun-
cating the underlying deposit have been demonstrated to be due to ex-
tensive aeolian d e f l a t i o n w i t h i n the interdune area (McKee and Moiola 
1975, Kocurek 1981). The presence of interbedded interdune deposits 
suggest that the dunes did not 'shoal' markedly and that t h e i r angle of 
climb was no more than a degree or two. The absence of interdune depo-
s i t s i n f i e l d s of shoaling dunes has been observed by McKee (1979b, 
1983). 
Where both waterlain and windlain interdune facies occur between 
two dune sets, the windlain interdune u n i t (5) normally l i e s above the 
waterlain u n i t ( 6 ) . This i s broadly similar to a model based upon 
active interdune areas on Padre Island, Texas by K.ocurek (1981)(Figs 
65, 66). Kocurek based t h i s model upon the observation that the i n t e r -
dune pond l i e s downwind of an aeolian interdune deposit which l i e s i n 
the lee of the dune. Therefore, as the dune migrates, the interdune 
deposits form a drying-upward sequence. 
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However, i n sane cases w i t h i n the Beenrnore Sandstone Formation, 
waterlain interdune deposits continue up to the base of the dune cross-
set suggestii>g that the interdune 'pond' abutted the dune toe. 
The v a r i a b i l i t y of sandstone bed tnickness and d i s t r i b u t i o n o f 
naidstone laminae suggest that w i t h i n certain constraints, the interdune 
pond couid f l o o d , i n soooe cases p a r t i a l l y f i l l i n g with^aeolian dune 
sand. However, as stated e a r l i e r , there i s no evidence that currents 
vrere capable of c u t t i n g channels i n t o the interdune suiface. This con-
tra s t s w i t h the Cretaceous, Barun Goyot Formation, Mongolia (Gradzinski 
and Jerzykiewicz 1974), where there i s evidence of both flood encroach-
ment up dune toe sets and channelling i n interdune areas. This also 
occurs i n the Caherbla Group (Ch. 4 ) . 
Within the Beenmore Sandstone Formation there appears to be a 
crude corr e l a t i u n between aeulian dune set thickness and thickness of 
the underlying interdune deposits (Figs 59, 64). 
The controls on thickness of interdune deposits i n " f i e l d s of trans-
verse dunes remain uncertain, however. Following the basic model of 
McKee and Moiola (1975)(Fig. 67), one may suggest that the thickness of 
preserved interdune deposit depends upon trie dune spacing and angle of 
climb. McKee and Moiula (1975) also suggested that the migration rate 
was s i g n i f i c a n t , as longer periods of exposure allowed greater time f o r 
deposition on the interdune surface. This may be reflected w i t h i n the 
Beenmore Sandstone Formation by the increased thickness of waterlain i n -
terdune deposits i n association with increased overlying dune set thick-
ness (demonstrated to represent increased dune height for most of the 
sequence; Fig. 64). Thicker, more d i s t i n c t i v e , waterlain sandstone 
sheets occur w i t h i n the interdune deposits between the large dunes. 
These suggest that these ponds were deeper and may have had larger 
catchments. This may i n t u r n indicate that the larger dunes were more 
widely spaced ( c f . Wilson 1970, 1972b). I f one assumed a constant angle 
of cliihb f o r dunes i n the dunefield, t h i s increase i n spacing alone could 
cause preservation of greater thicknesses of interdune deposit. 
The cor r e l a t i o n between thickness of interdune deposit and over-
l y i n g dune set thickness i s crude, however. This could be p a r t i a l l y 
accounted f o r by the presence of some low amplitude, large wavelength 
r e l i e f i n interdune areas ( c f . Wilson 1970, 1972b, Kociirek 1981, Humnel 
and Kocurek 1984). Secondly, climatic changes and the a r b i t r a r y nature 
of major rainstorms may cause some deviations from the correlation. 
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BASED ON THE BEENMORE SANDSTONE 
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NOTE THE EPHEMERAL FLOOD UNITS. 
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-A l locy l ic hypoihesis for origin of inierbedded dune and in-
icrdune deposits found in cores of McKee ond Moiola (1975). 
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high sand supply (A), dunes climb and preserve well-sorted sand. When 
sand supply is low. as at present (B). extensive, silly interdune deposits 
with local, thin lenses of dune sediment accumulate. Scdimenur>- struc-
tures shown are hypothetical and idealized. 
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WHITE SANDS SEQUENCE (SIMPSON AND LOOPE 1985). 
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Further, angle of dune climb i s u n l i k e l y t o have remained pe r f e c t l y 
constant. The th i c k interdune deposit w i t h a t h i n overlying dune set 
at 225 metres (Fig. 59) supports the model of Simpson and Loope (1985) 
who suggest that during moister periods, sand supply may decline and 
the angle of dune climb becomes negligible. Hence, the dune deposits 
become sparsely preserved, w h i l s t t h e i r successive interdune deposits 
may coalesce, (f^^t^^s), 
5.4 Conclusions on the Pointagare Group 
1) 
2) 
The e n t i r e Group represents a sedimentary response t o declining 
r e l i e f a f t e r creation of a new basin. 
up 
Qiannel margin^to aeolian dune cycles are probably due t o periodic 
channel migrations away from the l o c a l i t y . 
3) The f l u v i a l system was less ephemeral than the Kilmurry Formation 
f l u v i a l system. 
4) F l u v i a l and aeolian palaeocurrents were v i r t u a l l y opposed. This 
agrees w i t h many modem fluvio-aeolian associations, and may r e f -
l e c t the 'piedmont' set t i n g f o r the dunefield (Ch. 2). 
5) The sequence i s important as i t demonstrates how a major channel 
may source an aeolian dunefield. 
6) Aeolian accretion on the northern margin of the r i v e r may have 
assisted the r i v e r to migrate southwards and caused extension of 
the windward end of the dunefield southwards (Fig. 69). 
7) Increased available moisture, possibly due to a climatic change, 
may have caused the increase i n thickness of waterlain interdune 
deposit and decrease i n dune set thickness near the top of the 
member (220 metres onwards). 
8) The waterlain interdune facies bear l i t t l e resemblance to the K i l -
murry Sandstone Formation d i s t a l f l u v i a l facies, which were depos-
it e d i n lenses cut i n t o interdune surfaces. 
9) The lack of f l u v i a l channelling on interdune surfaces and increase 
i n waterlain bed thickness w i t h dune set thickness suggest that 
individual interdune areas were generally the sale catchment f o r the 
ponds on t h e i r upwind margins- Therefore, the larger the interdune 
area, the larger the potential flood deposit from a single 
rainstorm. 
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10) The dunefield had s u f f i c i e n t r e l i e f to exclude any externally 
sourced floods. 
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QiAPTER 6 
THE UPPER OLD RED SANDSTONE, PORTISHEAD. GROUP, AVON 
6.1 Introduction 
A fault-bounded u n i t of lower and upper Old Red Sandstone l i e s on the 
coast to the west of B r i s t o l , stretching the seven kilometres from 
Portishead southward to Clevedon (Kellaway and Welch 19^, Pick 1964) 
(Fig. 70). 
The beds dip toward the southeast and are exposed i n broad shore 
platforms and l o w - c l i f f s . 
The lower O.R.S., Blackmore Sandstone Group (Kellaway and Welch 
1948, 1955) i s overlain unconformably (without apparent angular discord-
ancy), by the upper O.R.S. Portishead Beds (Group)(Pick 1964). Both 
Groups were examined i n some d e t a i l by Pick (1964); his work forms the 
foundation f o r t h i s study of the Portishead Group. 
Pick (1964) divided the Group i n t o nine formations labelled from 
I to A (Fig. 71). Pick's basic descriptions of Formations G and C 
suggested that they may be aeolian deposits. However, Pick interpreted 
the whole Group to have been deposited by r i v e r channels with i n t e r -
f l u v i a l lakes or mudflats. He d i d recognise that Formations G and C 
were unusual, though. 
I t i s important to note that much of the description f o r the Forma-
tions other than G and C i s from Pick (1964), w i t h some supplementary 
data. The aim o f t h i s chapter i s f i r s t l y to determine i f formations G 
and C are aeolian deposits and i f so, to examine t h e i r associations w i t h 
related f l u v i a l deposits. 
.6.2 The Formations: (a) The Kilkenny Bay Section 
Formation I (The Woodhill Bay Conglomerate) 
Description (based largely upon Pick 1964) (Figs 71, 72) This Formation 
i s more widely d i s t r i b u t e d than others i n the Group and was traced at 
least as far as the Avon Gorge, B r i s t o l , by Pick. 
The Formation i s only four to f i v e metres t h i c k , but l i e s uncon-
formably upon the lower O.R.S., which ends i n an i r r e g u l a r , eroded, 
s l i g h t l y karstic surface of calcretised pebbly sandstone (Pick 1964, 
Williams and Hancock 1977). 
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The Formation i s generally a conglomerate, although i n places 
grades upwards I n t o pebbly sandstone. Clasts are predominantly vein 
quartz and dark red qua r t z i t e , although Wallis (1927) also noted clasts 
of chert, jasper, l i t h i c sandstone, quartz schist, mica schist and 
s p i l i t e . Clasts reach up to 20 centimetres long, but are generally 
only 2 - 3 centimetres diameter. The clasts are well-rounded. Hancock 
and Williams (1977) measured the pebbles to demonstrate a predominance 
of equant and discoidal forms, and found sphericity values to be high, 
between 0.5 and 0.9. 
The conglomerate matrix i s coarse to fi n e sandstone with a carbon-
ate cement. Occasional pebbly sandstone lenses up to 10 metres long, 
contain apparently planar foresets up t o 1 metre thi c k . These sets are 
rare, but Pick (1964) found that they dip to the east-southeast ( c f . 
Pick 1964, Fig. 7). 
The top of the Formation also appears to be calcretised. 
Formation I : I n t e r p r e t a t i o n The coarseness and poor sorting of t h i s 
deposit, the unidirectional cross-sets and the c a l c r e t i s a t i o n a l l sug-
gest the Formation t o be a f l u v i a l deposit. 
The coarseness of the deposit, lack of any adjacent fine-grained 
deposits and lack of any cross-sets that could be interpreted as l a t e r a l 
accretion bars suggest that the channel(s) were low sinuosity. 
The c a l c r e t i s a t i o n w i t h i n the u n i t suggests that there was also a 
depositional break at the top of the Formation (Pick 1964). 
Formation H 
Description (based p a r t l y upon Pick 1964, Williams and Hancock 1977) 
(Figs 71, 72) The base o f the Formation may l i e on a minor break or 
paraconformity marked by the calcrete as the top of Formation I (Pick 
1964). 
Pick (1964) divided the 14 metre t h i c k Formation i n t o four members; 
however, as pointed out by Williams and Hancock (1977), these may have 
been due to facies changes w i t h i n a sedimentary environment. The 
members are therefore lonlikely t o be s u f f i c i e n t l y extensive to have 
stratigraphic significance. The members are therefore not defined here. 
The Formation i s composed c h i e f l y of medium t o ' f i n e grained, 
frequently red sandstones. Pebbly sandstones, t h i n conglomerates and 
silstones also occur. 
Scours, trough and r a r e l y planar cross-sets occur w i t h i n the For-
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tnation. Primary current l i n e a t i o n can be observed i n some p a r a l l e l 
laminated sandstones. 
At ST 4588 7688, large scours may be seen to cross-cut. In one 
case a scour two metres deep and s i x metres wide contains six successive 
scour and f i l l deposits (Williams and Hancock 1977). 
The uppermost f i v e metres of the Formation are sandstones with t h i n 
pebbly lenses. This part of the Formation shows a gradual upward dec-
rease i n scour size, frequency of trough cross-sets and angle of fore-
set dips. The proportion of wavy and p a r a l l e l lamination increases 
(Fig. 73). 
Foreset dips throughout the Formation dip to the southeast. 
Formation H: Interpretation The deposits throughout the Formation 
demonstrate features characteristic of a f l u v i a l succession, with cross 
bedding again indicating that flow was to the southeast (Pick 1964, 
Fig. 7). 
Williams and Hancock (1977) i n t e r p r e t each large cross-cutting 
scour i n the sandstone to be due to channelling, followed by channel 
avulsion by the r i v e r . S i m i l a r l y , they i n t e r p r e t the large scour w i t h 
s i x i n t e r n a l scour and f i l l events, to document successive erosional 
and deppsitional events i n a preferred stream course. 
The decrease i n trough cross-set and scour thickness and increase 
i n the proportion of p a r a l l e l and wavy lamination i n the sandstones at 
the top of the Formation may indicate that channel depth at the l o c a l -
i t y was gradually decreasing ( c f . Cant and Walker 1978). 
The r e l a t i v e l y low spread of directions of palaeocurrent indicators, 
suggest that the channels were not highly sinuous ( c f . Pick 1964, Fig. 
7). 
Formation G 
Description (Figs 7 1 - 7 6 ) The Formation i s 14 metres thick and i s 
composed of two l i t h o l o g i c u n i t s . Pick (1964-) did not recognise the 
change i n l i t h o l o g y and therefore did not divide the Formation i n t o the 
two members designated here. 
Member 2 This member extends f o r 4.5 metres from the top of the exten-
sive one to two centimetre t h i c k , pebbly sandstone sheet capping Forma-
t i o n H (Figs 71, 73). 
The member i s similar to the upper part of the underlying Formation 
H. I t i s conposed of f i n e to medium-grained sandstone, small quartz 
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pebbles less than f i v e millimetres i n diameter very rarely occur. The 
member i s frequently parallel-laminated with occasional shallow, narrow 
scours and low angle trough cross-sets. The cross-sets dip to the 
southeast and scours and primary current lineations have an approximate 
northwest-southeast orientation. 
Member 1 After a 2.3 metre gap i n exposure, large blocks up t o one 
metre square protrude from the beach. These may be i n s i t u . After a 
further 2.5 metres the base of the c l i f f i s reached, exposing a contin-
uous succession of the remainder of member 1. 
The member i s composed of l i g h t grey to l i g h t green, f i n e , moder-
ately t o very w e l l sorted non-calcareous, sub l i t h i c or l i t h i c arenite. 
Grains are angular t o sub-rounded and are modally angular. No mudstone 
in t r a c l a s t s or quartz pebbles occur. 
A l l exposures of the member show i t to be composed of well lamin-
ated, planar or trough cross-sets. These range from 0.3 to 2.5 metres 
t h i c k w i t h a modal thickness around one metre (Figs 74, 76). Trough 
width i s d i f f i c u l t t o assess as much of the exposure i s oblique t o the 
trough axes. However, small troughs are one to two metres wide, and 
the larger troughs appear to reach 6 metres wide. 
Foreset dips r a r e l y reach up to 33*^  although more commnly reach 
a maximum of 20 to 28*^  (Figs 74, 75, 76). Foreset dip directions are 
widely spread, although the best f i t t o the spread indicates an average 
dip d i r e c t i o n to the northvest (320^ - 330°). The trough-shaped bound-
ing surfaces also have axes trending from southeast to northwest. A few 
small sets (50 centimetres or less i n thickness) contain foresets that 
dip at low angles to the south or east; these however are very rare 
(Figs 74, 75). 
The upper boundary of t h i s Formation i s an extensive planar erosion 
surface with shallow scours (Plate 28). 
Formation G: Interpretation 
Member 2 The member i s similar to the uppermost member of Formation 
H, and i s s i m i l a r l y interpreted as a sandy f l u v i a l deposit l a i n down by 
a channel flowing to the southeast. 
The large proportion of p a r a l l e l lamination w i t h shallow scours and 
primary current l i n e a t i o n , i s characteristic o f upper and lower phase 
plane bed deposition ( c f . Simons and Richardson 1961). This predominance 
of parallel-laminated sand beds i s often found i n shallow, sandy, low 
sinuosity channels. For instance, Medano Creek, Great Sand Dunes, 
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Colorado (Schumm 1961). A l t e r n a t i v e l y t h i s may form i n sand f l a t s • 
on chanjiel margins.or on bar tops as dooimented frcm the south Saskat-
chewan River by Cant and Walker (1978). 
Member 1: In t e r p r e t a t i o n The sandstone i s moderately to very well 
sorted and contains no mudstone or s i l t s t o n e i n t r a c l a s t s or quartz 
pebbles; i t i s composed wholly of well laminated, thick cross-sets w i t h 
a general foreset dip d i r e c t i o n opposed to that of the underlying 
f l u v i a l formations. These features suggest that the Formation i s an 
aeolian dune deposit. 
Other pieces of supporting evidence are: i t s association w i t h 
other continental deposits (Formations H, I ) and lack of any f o s s i l s 
or trace f o s s i l s characteristic of aqueous environments. Nor do the 
preserved foreset dips exceed the angle of repose f o r dry sand (31 - 33*^ *; 
Chapter 3.2). 
The fineness and high degree of sorting of the sand may account f o r 
the lack of recognition of aeolian small-scale strata. The r a r i t y of 
foresets reaching dips of over 28*^  could also explain the lack of sand-
flow st r a t a (see Chapter 4 , l l . e ) . 
The trough-shaped bounding surfaces and the wide but c h i e f l y u n i -
modal spread of foreset dip directions suiggest that the aeolian dunes 
were barchan or bflrchanoid dunes that migrated toward the northwest 
(320^ - 330°; Fig. 75)(cf. Shotton 1937, Reiche 1937, Glennie 1970). 
For any given set thickness, maximum foreset dips are r e l a t i v e l y 
steep when compared to most of the dune cross-sets described i n C^iapters 
four and f i v e (Figs 74, 76). Therefore, i t i s probable that the dunes 
were r e l a t i v e l y small. On the graph of t h i s relationship (Fig. 76), 
one may extrapolate to 30° to 32° maxiinum foreset dip (allowing f o r 1 -
2° compaction; Shotton 1937). This suggests that dunes reached heights 
of between one and five'metres. 
The lack of any interdune deposits i s analagous to the R e d c l i f f 
succession i n the Kilmurry Formation (Ch. 4 ) . This suggests that the 
dunes were shoaling as there i s no geometric evidence that compound or 
complex bedforms occurred ( c f . McKee 1979a,b, 1983)(see Ch. 4 ) . 
The shoaling of the dunes may have been due to accumulation of the 
dunes against the windward flank of an obstacle, or a l t e r n a t i v e l y , due 
to high levels of sand supply from a local source. 
As there i s no evidence to suggest a local b a r r i e r upwind, the 
l a t t e r appears most l i k e l y . 
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The extensive upper surface of the member (and Formation) appears 
to be too extensive to be a simple interdune surface. I f the member was 
the deposit of a single, compound or complex aeolian bedform, i t may 
have had extensive bounding surfaces; however, no subsequent aeolian 
deposits are found. Therefore i t appears more l i k e l y that an erosion-
al i n t e r v a l or paraconformity occurred at the top of the formation. 
This matter i s returned to i n the discussion of the sequences. 
Formation F 
Description (based p a r t l y on Pick 1964)(Figs 71, 72; Plate 28) This 
Formation i s also known as the Woodhill Bay Fish Bed (Kellaway and 
Welch 1948, 1955). 
The Formation i s 8.5 metres t h i c k and l i e s above the extensive, 
gently scoured, pebble strewn erosion surface c u t t i n g Formation G 
(Plate 28). The shallow scours on the erosion surface are 1 - 1 5 metres 
wide.and trend roughly north to south. The quartz pebbles l y i n g on t h i s 
surface are up t o one centimetre i n diameter. 
Above t h i s occasional scattering of quartz pebbles, the Formation 
i s composed of s i l t s t o n e and f i n e to medium-grained sandstone. As noted 
by Pick (1964), there i s a gradual, upwards increase i n the proportion 
of sandstone beds to s i l t s t o n e beds. 
Most of the s i l t s t o n e beds are one to f i v e centimetres t h i c k and 
contain small, horizontal and v e r t i c a l , unbranched burrows. Only one 
bed containing v e r t i c a l s a n d - f i l l e d cracks was observed. 
The sandstone beds range from 1 - 5 centimetres thick near the base 
of the Formation up to 40 centimetres t h i c k higher i n the Formation. 
These upper sandstone beds can form multi-storey sandstone assanblages 
up to three metres thi c k . The thicker sandstone beds are p a r a l l e l -
laminated w i t h some planar and trough cross-sets. The sandstones also 
contain s i l t s t o n e i n t r a c l a s t s . Some of the thicker sandstone beds have 
load casts at t h e i r bases (Williams and Hancock 1977). 
The siltstones and thinner sandstones contain diversely oriented 
wave ripples w i t h crests trending most frequently east-west. Associa-
ted combined flow and small-scale current ripples contain foresets i n d i -
cating that they migrated to the northeast and southeast-
The thicker sandstone beds contain cross-sets dipping predominantly 
to the southeast and r a r e l y t o the east ( c f . Pick 1964, Fig. 7). Groove 
marks i n the thinner sandstones and siltstones have a similar orienta-
t i o n (Pick 1964). 
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F i n a l l y , the remains of an Old Red Sandstone f i s h , Holoptychius, 
has been found i n some abundance w i t h i n t h i s Formation (Wallis 1927, 
Kellaway and Welch 1955). 
Formation F; In t e r p r e t a t i o n The assenblage of s i l t s t o n e and occa-
sional t h i n sandstone beds, the wave and combined flow r i p p l e s , burrows, 
f i s h (brackish or freshwater?), load casts by thicker sandstones, and 
r a r i t y of dessication cracks, suggest that the deposit was lacustrine 
(c f . Fouch and Dean 1982). 
No evidence f o r marine t i d a l influence could be found. Groove 
marks and current ripples indicate flow to the southeast and east. 
The basal, pebble strewn erosion surface cut onto the underlying 
aeolian deposit has north-south trending scours. These features sug-
gest that i t was cut by a f l u v i a l systan, but the sudden decline i n 
grain size i n the overlying assemblage remains unexplained. The surface 
does not have the c l a s t d i s t r i b u t i o n of an aeolian d e f l a t i o n surface 
(cf . Steidtmann 1974). This matter i s returned to l a t e r . 
Within Formation.?, there i s an upward increase i n thickness 
and frequency of sandstone beds, which can have load-casted bases, and 
cross-sets in d i c a t i n g flow to the southeast and east. These features 
suggest that major floods could cause stronger currents to extend i n t o 
the lake from a f l u v i a l i n l e t that lay to the west or northwest. This 
greater ccmpetency of flow i n the 'lake* could have been assisted by i t s 
general shallowness, or periods of shallowing. 
I f i t was an i n t e r d i s t r i b u t a r y lake, i t would be d i f f i c u l t t o ex-
p l a i n i t s perennial nature and i t s palaeocurrent orientation. This i s 
discussed further i n Section 6.4. 
Formation E 
Description (based largely on Pick 1964)(Fifis 71, 72) The Formation 
reaches a maximum thickness of 17,5 metres t o the northeast i n the 
Kilkenny Bay shore platform. However, i n the well exposed c l i f f section 
the 'Formation' i s only 7.5 metres thick. The increase i n the Forma-.:, 
tion's thickness t o the northeast i s due to i t s erosion into the under-
l y i n g Formation F (Woodhill Bay Fish Beds). 
Because of t h i s drastic l a t e r a l v a r i a t i o n i n thickness, the 'mem-
bers' erected by Pick (1964) are not used. 
The lower 4 metres of the 7.5 metres th i c k , c l i f f section are com-
posed of coarse to medium-grained sandstone, with some quartz pebbles 
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i n the lower beds, and s i l t s t o n e i n t r a c l a s t s i n several beds. Trougji 
cross-sets are abundant and are 30 - 40 centimetres thick with fore.-
sets frequently dipping at between 20° and 40°. The foresets dip to 
the southeast and south-southeast. 
The upper 3.5 metres of the c l i f f section through t h i s * Formation' 
are composed of medium t o fine-grained sandstone. This i s p a r a l l e l -
laminated and forms 2.5 - 10 centimetre t h i c k sheets. 
Formation E: I n t e r p r e t a t i o n Williams and Hancock (1977) recognised 
that the 'Formation' had an erosional base that cut deeply i n t o the 
underlying Formation (F), and that Formation E fined upwards o v e r a l l . 
This was matched by a decrease i n the scale of cross-bedding and capping 
of t h i n persistent sheet sandstones. 
Williams and Hancock (1977) interpreted t h i s sequence as the f i l l 
of a major channel that had incised through the deposits of the under-
ly i n g Formation. The parallel-laminated sandstones at the top of the 
sequence were interpreted as the deposits of crevasse splay sheets. 
The palaeocurrent evidence of Pick (1964, Fig. 7) again indicates 
that flow was towards the southeast. 
I t i s not clear how sinuous t h i s large channel was, although i t s 
steep i n c i s i o n i n t o the underlying s i i t s t o n e dominated formation and 
presence of possible crevasse splay deposits may suggest that i t was at 
least moderately sinuous with probable levees ( c f . Moody-Stuart 1966). 
Formation D 
Description (based largely on Pick 1964)(Figs 71, 72) Only 3 metres 
of Formation D are exposed. These occur at the top of the Kilkenny 
Bay section. 
The Formation consists of sandy silt s t o n e s i n beds up to 35 c e n t i -
metres t h i c k , but more normally 3 - 1 0 centimetres thi c k . These are 
interbedded with f i n e micaceous sandstones w i t h p a r a l l e l lamination and 
occasional s i l t s t o n e i n t r a c l a s t s . The sandstone beds range from 2 - 2 5 
centimetres thick. 
Formation D: In t e r p r e t a t i o n The Formation i s poorly exposed, i s 
broadly similar to Formation F, but contains more p a r a l l e l lamination. 
Ihese features could have been generated on the floodplain of the 
large channel by periodic flooding. 
249 
b) The Walton Bay to Ladye Bay Section (Fig. 70) 
Formation C 
Description (Figs 71, 77 - 79) Formation C of Pick (1964) i s not ex-
posed i n Kilkenny Bay, but i s extensively exposed^ialong the coast to 
the southwest between Walton Bay and Ladye Bay (Clevedon)(Fig. 70). 
The Formation i s at least 71,5 metres t h i c k , a l t h o u ^ the base of 
the Formation i s not exposed (Figs 71, 77). 
As i n the case of Formation G, the Formation may be divided i n t o 
a lower and an upper member. Pick (1964) did not recognise t h i s 
d i v i s i o n . 
Member C.2 (lower)(Fig. 77) A thickness of at least 19 metres of t h i s 
member i s exposed i n the shore platform. 
The deposit i s light-grey to l i g h t green with some red patches. 
I t i s a poorly to well-sorted, coarse t o medium grained, pebbly, l i t h -
arenite. The grains are very angular to sub-angular, and are modally 
sub-angular to sub-rounded (Plates 24, 25). 
Moderately spherical and well-rounded pebbles, up to 3.5 centimetres, 
are scattered through the sandstone or concentrated i n t h i n 1 - 1 0 
centimetre t h i c k lenses. Siltstone i h t r a c l a s t s also occur. 
The beds are 5 to 80 centimetre t h i c k sheets and lenses. These 
frequently f i n e upwards and are massive or trough cross bedded, or^ 
p a r a l l e l or wavy laminated (Fig. 77), The trough cross-sets are up t o 
75 centimetres t h i c k w i t h an average thickness of 50 centimetres. The 
troughs are 40 centimetres deep and up to several metres-wide. I n some 
cases, the trough cross-sets occur w i t h i n .sheets. The foresets dip 
generally to the south, with a spread to the southeast and southwest 
( c f . Pick 1964, Fig. 7). 
The member appears to f i n e upwards o v e r a l l , w i t h a matching dec-
rease i n the frequency and size of pebbles (Fig. 77). The top of the 
member grades i n t o Member C.l vi a two metres of Interbedded facies from 
the two members (Fig. 77, 17.5 - 19.5 metres). 
Member C.2; In t e r p r e t a t i o n The member i s often poorly sorted, con-
tains quartz pebbles, and trough cross-sets with foresets indicating 
that the scours were f i l l e d toward the south. These features suggest 
that the member i s a f l u v i a l deposit. 
There i s no evidence of major channel i n c i s i o n , as i n the case.of 
Formation E (Williams and Hancock 1977). Nor i s there any evidence of 
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Plate 24 Photomicrograph of poorly t o moderately sorted, coarse-
grained l i t h a r e n i t e . From a massive, pebbly sandstone 
sheet ( f l u v i a l ) . At 7 metres i n the section through 
Formation C, Member 2, i n the shore platform at Walton 
Bay. 
Crossed polarised l i g h t . View i s 3.4 millimetres wide. 
Plate 25 Photomicrograph of moderately t o well sorted, 
medium-grained sub-litharenite. The end of a 
si l t s t o n e i n t r a c l a s t occurs on the l e f t . From a 
massive to parallel-laminated sandstone sheet 
( f l u v i a l ) . At 16.5 metres i n the section through 
Formation C, Member 2, i n the shore platform a t 
Walton Bay, 
The f l u v i a l sand i s r e l a t i v e l y well sorted, 
suggesting that i t was at least p a r t i a l l y derived 
from the f l u v i a l reworking of aeolian dunes. 
Cross polarised l i g h t . View i s 3.4 millimetres 
wide. 
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Plate 26 Photomicrograph o f moderately t o well-sorted, medivm-
grained sub-litharenite. From the upper part of a 
small aeolian dune cross-set. At 19.7 metres i n 
Formation C, near the base of Member 1 (which i s 
v i r t u a l l y completely aeolian), Walton Bay l o c a l i t y 
(Fig, 77). Note that grain sphericity and angularity 
are similar to those i n Plate 25, which was i n t e r -
preted as f l u v i a l l y reworked aeolian dune sand. Note 
also the one millimetre t h i c k inversely graded laminae 
Crossed polarised l i g h t . View i s 3.4 millimetres 
wide. 
Plate 27 Photomicrograph of we l l to very well sorted, medium-
grained sub-litharenite. From the upper part of a 
small aeolian dune cross-set. At 48 metres i n the 
Formation C section at Walton Bay (Fig. 77). The 
cross-set l i e s i n the middle o f the v i r t u a l l y wholly 
aeolian bfember 1. Grain roundness i s very s l i g h t l y 
improved from the lowermost aeolian dune deposits 
i n the Formation. 
Crossed polarised l i g h t . View i s 3.4 millimetres 
wide. 
255 
P I . 26 
P I . 27 
256 
Plate 28 Kilkenny Bay, Portishead. The cross-bedded sandstone 
of Formation G, Member I , i s topped by a gently 
undulating, extensive, pebble strewn erosion surface. 
Member ( i s interpreted to have been deposited by 
barchan or barchanoid aeolian dunes that migrated 
toward the northwest. Above the pebble strewn ero-
sion surface l i e s Formation F. This formation i s com-
posed of t h i n , cross-laminated and hor i z o n t a l l y 
laminar^H <=?nH''tone and s i l t s t o n e sheets. 
View towdiG the southwest. Scale i s ten c e n t i -metres lo'.ig. 
Plate 29 Walton Bay, Portishead. The cross-bedded sandstone 
of Formation C, Member i i s also topped by a pebble-
strewn erosion surface. Member i is interpreted to 
have been deposited by barchan or barchanoid aeolian 
dunes on compound, siipfaceless, low amplitude 
transverse dunes that migrated toward the northwest. 
Above the pebble strewn erosion s^arface l i e s Forma-
ti o n B. This formation i s composed of sandstones 
and siltstones i n fining-upward cycles several 
metres thick. The formation i s interpreted as the 
deposit of r e l a t i v e l y small, high sinuosity channels 
and t h e i r overbank deposits. 
View toward the southeast. The tape i s 1 metre long 
The s i m i l a r i t y between the successions i n Plates 28 
and 29 suggests that i n r e a l i t y Formations G and C 
may be the same Formation. 
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of adjacent s i l t y overbank deposits, although only a section about 50 
metres wide is visible within the shore platform. 
The overall fining upwards within the number, together with the 
decrease in pebble content and decrease in cross-set frequency, suggest 
that the channel was shallowing. This may have been due to complete 
channel aggradation, or gradual channel migration (cf. Moody Stuart 
1966, Cant and Walker 1978, Bluck 1980). 
Member C.l (upper): Description (Figs 70, 71, 77 - 79) The member 
consists of 51 metres of v i r t u a l l y wholly cross-bedded, fine to medium-
grained, moderately to very well sorted litharenite to suib-litharenite. 
The sandstone has a modal grain size of 0.15 mm. although grains 
can reach 0.4 im. on the toes of cross-sets, causing a bimodal grain-
size frequency. The smaller grains are sub-angular to sub-rounded, 
although the larger grains may be very well rounded (Plates 25, 26, 27). 
Plates 25 - 27 demonstrated the very slight iinprovement in sorting and 
rounding upward;;through the member. 
The cross sets are occasionally planar, but in most cases are 
trough-shaped, and 1-15 metres wide, although connonly 3-5 metres 
wide (Plates 30, 31). The cross-sets range from 5 centimetres to 2.2 
metres thick, averaging 61 centimetres thick in the Walton Bay section 
(n = 75) (Fig. 77). The foresets dip at up to 35*^ , but most foresets 
reach dips of between 20^ - 30*^  (Figs 77, 79). Foreset dip directions 
are spread through 140*^  with a best-fit to the unimodal spread indica-
ting a dip toward the north-northwest (330 - 340°)(Figs 77, 78). The 
trough-shaped bounding surfaces have similarly oriented axes (Fig. 78). 
Occasionally, more planar and extensive bounding surfaces occur. 
These may bound a single set or a series of up to seven stacked trough 
cross-sets (Figs 77, 80; Plates 30, 31). 
Solitary small, hummock or drape structures occur within cross-
sets at 25 and 30 metres at Walton Bay (Fig. 77). 
The feature at 25 metres is a depositional hunmock on a dune toe. 
The feature at 30 metres was caused by erosion of the toe of the dune, 
followed by sand draping. Both stnictures are less than 2 metres wide, 
with less than 30 centimetres amplitude. 
Flat-bedded sandstones between 5 and 20 centlinetres thick also 
occur on a few extensive or trough-shaped bounding surfaces. In some 
cases the sandstone i s mediijn grained, but with a bimodal O.f and 0.4 
millimetre grain size distribution. More cormonly, the grain size and 
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Plate 30. Formation C, Member 1. Walton Bay Section 36 to 41 metres. Aeolian sandstone i n thin 
^ trough cross-sets. Tabular cosets of trough cross-sets are bounded by more extensive 
o planar surfaces. Aeolian foresets and trough cross-set axes dip to the north-
northwest (towards the viewer). For detailed interpretation see Figure 80. Hanrer is 
27 centimetres long. One metre of tape in foreground. Oblique plan view towards the 
southeast. 
cr: 
PI. 30 
Place 31. Similar section to Plate 30, but 24 to 41 metres. A more extensive view of the 
tabular cosets bounded by planar surfaces. Note the trough cross-sets visible within 
^ the tabular cosets in the foreground. 1.5 metres of cape i n centre. View toward 
the east. After r e t i l t , the aeolian sandstone foresets andcosets dip north-
northwestward. 
T€ -Id 
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sorting are similar to the overlying dune cross-set. 
The beds may be massive, fai n t l y parallel or wavy-laminated. 
The flat-bedded sandstones are very rare, constituting only 2.5% 
of the upper member (C.l) at Walton Bay. 
Member C.l: Interpretation The member has many similarities to For-
mation G, member 1. 
The high degree of sorting; lack of raudstone, intraclasts and 
quartz pebbles; thickness of cross-sets and their persistent stacking; 
foreset dip to 30° generally and foreset dip direction to the north-
northwest a l l indicate the member to have been deposited by aeolian 
dunes that migrated to the north-northwest. 
The trough-shaped bounding surfaces with axes parallel to the 
dune migration direction suggest that the dunes were barchans or bar-
chanoid (Fig. 9)(cf. Shotton 1937, Reiche 1937, Glennie 1970, Allen 
1982 Vol. 1, Chapter 9). 
The unusually constant thinness of the cross-sets are probably 
why they have not previously been recognised as aeolian. 
The foresets rarely reach the angle of repose for dry sand (31° -
33° - Ch. 3.21). However, one can crudely extrapolate to this angle on 
the graph of foreset angle to set thickness(Fig. 79). This suggests 
that dunes reached up to 5 metres high and i n many cases may only have 
reached 2 metres high. 
The occasional, extensive, planar bounding surfaces (Fig. 77; 
Plates 30, 31) may be explained in several ways. 
The f i r s t possibility is that occasional more transverse dunes.mig-
rated across the area, leaving more planar, extensive bounding surfaces. 
However, not a l l the extensive surfaces are followed by a more planar 
cross-set that should characterise a more transverse dune. 
Alternatively, the extensive, planar bounding surfaces may be com-
pound dune migration surfaces (cf. Wilson 1970, 1972b., Brookfield 1977) 
(see Ch. 4.9, 4.13, assemblage I ) . The enveloped, trotigh-shaped bound-
ing surfaces appear, i n general, to dip a few degrees more steeply to 
the north-northwest, than some of the more extensive, planar, bounding 
surfaces (Fig. 77; Plates 30, 31). This may indicate that small paras-
i t i c , barchan or barchanoid dunes migrated down the fronts of compound 
dunes with very low angle slipfaceless lee slopes. The planar form of 
the more extensive surfaces suggests that they were formed by transverse 
'compound' dunes (cf. Brookfield 1977). 
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The very low angle of descent of the parasitic dunes down Che com-
pound dune'lee slopes may indicate that they were only incipient (Fig. 
80). Ic is possible chac low amplitude, slipfaceless compound dunes and 
simple, more transverse dunes could account for more extensive, planar, 
bounding surfaces in different parts of the member. For instance, the 
two relatively extensive, planar, bounding surfaces between 37 and 41 
metres (Fig. 77) could be due Co a pulse of more transverse parasitic 
dunes descending the compound dunes. 
The rare flat-bedded units occurring on some bounding surfaces bet-
ween aeolian cross-sets are interpreted as interdune deposits, based on 
their setcing, geomeCry, cexcure and scruccures (see Ch. 3, seccion 2, 
Chs 4, 5). 
The coarser, medium-grained sandstones with blmodal grain size dis-
tribution are characteristic of dry interdune sands (Glennie 1970, Warren 
1971). 
The finer sandstones may be due to aeolian plane bed deposition 
(Ch. 3, section 3), The very fine or fining upward sandstones may have 
been deposited in ephemerally moistened or wet interdune hollows. This 
could explain the presence of small mudstone incraclascs at Che base of 
an aeolian cross-sec ac 50 mecres (Fig. 77). Unforcunately, no struc-
tures can be distinguished within these thin, f l a t finer sandstone beds. 
The thinness of chese finer-grained sandstones suggests that where water-
lain or due to adhesion, the moisture was only from r a i n f a l l on the 
dunefield and not channelled into the dunefield. 
A relatively high proportion of the interdune deposits l i e on the 
extensive, planar bounding surfaces. This supports the contention chat 
at least sane of Che more excensive bounding surfaces were formed by Che 
migraCion of low amplicude, slipfaceless compound dunes. 
Small-scale sCracificaCion types are not recognised as in Che 
FormaCion G.l aeolian deposits. This may be for similar reasons. 
The upper boundary of the member is erosive (Plate 29). This boun-
dary is discussed further in the sections on the overall succession in 
Che Group and on fluvio-aeolian interactions in the Group. 
Formation B 
Description (based partly on Pick 1964)(Figs 71, 77Place 29) The For-
maCion is 52 mecres Chick, buC is chiefly unexposed. The basal 4 or 5 
meCres of Che FormaCion are exposed in Che shore placform in Walton Bay 
(Figs 71, 77; Plate 29). 
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At this l o c a l i t y , the Formation lies i n a scoured lens at least 
60 to 70 centimetres deep and over 30 metres wide (Fig. 77; Plate 29). 
A variety of siltstones and fine to medium-grained sandstones l i e on 
the surface. The sandstones are frequently fine or very fine-grained, 
poorly sorted, with clay matrix. The very fine grains are frequently 
angular, suggesting that they were not derived from the underlying 
aeolian sandstone. 
Most of the sandstone and siltstone beds are between 1 and 10 cent-
imetes thick. In the scours at the base of the channel, seme cross-
bedded sandstone units rarely reach 20 to 50 centimetre thicknesses 
(Plate 29). A siltstone bed 1.2 metres thick occurs near the top of 
the exposure (Fig. 77). 
Cross-lamination is connion throughout this section. Both the cross 
laminae and rarer cross-sets in the basal metre have foreset dips to-
ward the southeast. However, the succeeding 3 - 4 metres of thin, fine 
sandstone and siltstone beds have cross laminations with foresets dip-
ping toward the east-northeast. 
The base of the Formation at Ladye Bay (Fig. 70) is described by 
Pick (1964). There, a 5.5 metre thick section is also composed of 
thin cross-laminated sandstones and massive siltstones. 
A small section from the middle of the Formation occurs in an 
i n l i e r immediately north of Ladye Bay (Pick 1964)(Fig. 70). The sec-
tion is composed of very fine to fine sandstones with tabular cross-
sets up to 40 centimetres thick. Their foresets dip to the east. 
Assemblages of the cross-bedded sandstone units are divided by s i l t -
stones up to 3 metres thick. Horizons of small burrows (Scoyenia?) 
occur at the top of the thicker siltstones. 
The top of the Formation occurs in the c l i f f s of Ladye Bay (Fig. 
70). Sandstones are interbedded with siltstones, which form 15 centi-
metre thick and 5 metre wide lenses. These are followed by 6 metres of 
light grey, very fine-grained sandstone. Beds are 5 to 25 centimetres 
thick and sometimes cross-bedded. This is followed by 9 metres of 
micaceous, laminated, sandy siltstone. 
Formation B: Interpretation The channelling at the base of the 
Formation, the poor sorting, and cross-bedding, with foresets dipping 
to the south and east suggest that the Formation is a f l u v i a l deposit. 
The occurrence of fining upward cycles (Fig. 77, 72 metres), fine-
ness of the sandstone, palaeocurrent diversity, presence of thick s i l t -
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stone beds and overall proportion of s i l t and clay suggest that the 
rivers were sinuousUcf. Bernard and Major 1963, Allen 1965). However, 
no epsilon cross-sets were observed; these are characteristic of some 
successions believed to be meandering river deposits (Bernard and Major 
1963, Allen 1965b). 
This may be due to the poor quality and small size of exposure. 
Alternatively, i t may be a true absence. A similar absence in Proter-
ozoic, thick, f l u v i a l fining-upward sequences was observed by Long 
(1978). 
A further possibility is that the channels were relatively straight, 
yet with levees and fine floodplains. This f l u v i a l type was documented 
in the Old Red Sandstone of Spitsbergen by Moody-Stuart (1966). 
The basal sequence in the Formation at Walton Bay and Ladye Bay is 
very similar. This suggests that the same style of f l u v i a l channelling 
cutting into the aeolian Formation (C) occurred across a plain at least 
one kilometre wide (perpendicular to the main drainage direction)(Fig. 
82). 
Formation A. 
Description (based largely on Pick 1964) This Formation is very poorly 
known. I t i s , however, at least 55 metres thick and i s composed of 
fine, very micaceous, massive sandstones in beds up to 2 metres thick. 
These are exposed in the eastern c l i f f of Ladye Bay (Fig. 70). Near 
the top of the Formation, a few thin siltstone sheets and lenses occur. 
Formation A: Interpretation The massively bedded nature of the mica-
ceous sandstones suggests that the f l u v i a l style changed abruptly. 
Such massive sandstone sheets are more characteristic of sand dominated 
low sinuosity channel systems (cf. McKee et a l . 1967, Miall 1978). 
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6.3 The Sequences (Figs 71, 82) 
Having now interpreted the depositional environments of a l l nine 
'Formations', they may be discussed as an overall sediinentary sequence. 
As deposition began within the Portishead Group, pebbly braided 
rivers began to flow southeastwards across the sli g h t l y karstic uncon-
formity (Formation I ) . The rivers were followed by a period of non-
deposition and calcretisation. This was followed by further somewhat 
finer-grained f l u v i a l deposition (Formation H). Channels i n the lower 
and middle parts of the Formation appear to have periodically incised, 
whilst the upper part of the Formation suggests that more sandy, shal-
low, extensive channels followed. Evidence of further shallowing of 
this type of channel continues through the lower member (2) of Forma-
tion G. Subaerial exposure of the channel sheet sands caused develop-
ment of small, simple shoaling, barchan or barchanoid aeolian dunes, 
which migrated toward the northwest (Formation G, upper member). 
The top of the dunefield has been removed by erosion, leaving an 
apparently, roughly planar surface. This is followed by a s i l t y fluvio-
lacustrine deposit (Formation F). The subsequent Formation (E) is a 
large, sandy channel f i l l incised at least 10 metres into the underly-
ing lacustrine deposit. This is followed by finer floodplain deposits 
(Formation D). Formations F to D may have a l l been sub-environments on 
a fluvio-lacustrine plain, on which leveed channels periodically avulsed, 
Pick (1964) believed that to continue the succession, one must 
move three kilometres to the southwest, to Walton Bay (Figs 70, 71). 
At Walton Bay, the deposits of a southward flowing, shallow, sandy 
low sinuosity river (Formation C.2) are again followed by a dunefield of 
small barchan or barchanoid dunes that migrated toward the northwest. 
However, these are recognised to have lain on the low angle iee sides 
of slipfaceless compound dunes. The compound structures were low, 
transverse ridges. This succession i s far thicker than Formation G. 
Again, erosion followed, prior to deposition by a river system with 
leveed channels. These channels may have been sinuous and flowed to 
the southeast (Formation B). Finally, the succession ends with the de-
posits of an unusual apparently sand dominated low sinuosity channel 
system (Formation A). 
At the northern end of Kilkenny Bay, the Portishead Group is seen 
to pass upwards conformably into the Carboniferous, Lawer limestone 
Shales (Allen 1965a, Williams and Hancock 1977). However, elsewhere 
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along the section, the top of the succession is covered by the Triassic 
deposits (Pick 1964). 
The succession appears to be both thick and of varied environment. 
However, i t might not be as complex as the nine Formations of Pick (1964) 
would suggest (Fig, 70). There is a strong similarity between Forma-
tions G, F, E, D and Formation Cwich the lower half of Formation B 
(Fig. 81). The exposures of these two successions of Formations are 
three kilometres apart, and separated by normal faults with Irjwer Old 
Red Sandstone i n the intervening area (Fig. 70). Therefore i t i s poss-
ible that the two sets of Formations are one and the same (Fig. 81). 
However, the thickness of the aeolian member C.l is far greater 
than that of aeolian member G.l. But this may be due to lesser aeolian 
deposition toward the northeast, and/or increased erosion toward the 
northeast. 
I f Formations G and C are the same, then i t is probable that the 
upper dune deposits at Walton Bay were contemporaneous with encroaching 
fluvio-lacustrine deposits at Kilkenny Bay nearer the upwind margin of 
the f i e l d . This discussion is developed further in section 6 (see 
Fig. 82). 
Glennie (1970, p. 92) has presented evidence to suggest that 
Pleistocene dunefields such as the Wahiba Sands, Onnan, developed during 
regressions. Regressions would expose vast sand f l a t s and cause i n c i -
sion of f l u v i a l systems, allowing the aeolian dunefield to develop by 
deflation of the sand f l a t s . 
I t is interesting to speculate on whether or not the dunefield 
that deposited the thick Formation C, may have formed during an Upper 
Devonian regression (see House 1983). 
For instance, a regression that occurred in the Upper Fanmenian is 
documented from New York to European Russia (House 1983). House 
suggests that this is represented in Britain by the progradation of the 
Pickwell Down sandstone southwards into North Devon. I t is possible 
that the dunefield developed at this time (see Allen 1965a). 
This discussion is speculative, and does ignore climatic change. 
Frakes (1979) suggests that in general, Devonian climates were somewhat 
arid, apart from the early late Devonian. This could also suggest that 
the dunefield (Formation C) was more likely to have been deposited, 
during the Fammenian. 
However, during the Upper Devonian, Britain was moving northwards 
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towards the equator from 10 - 20*^  SouCh (cf. Smith, Hurley and Briden 
1981, Livermore, Smich and Briden 1985, Scocese, Van der Voo and 
BarreCC 1985). A more equacorial climate would be likely to prohibit 
dunefield developmenc, which suggescs ChaC dunefields were more lik e l y 
to have occurred i n the early, late Devonian (Frasnian). These climaC 
ic argumenCs Cherefore appear inconclusive, alchough a regression 
could cerCainly have Criggered dunefield developmenc. 
6.4 Fluvio-aeolian InCeracCions 
As Che erroneous repecicion of Che Upper O.R.S. sequence is noc defin-
icely proven, che Cwo aeolian unics are scudied as separaCe entities. 
As deposition of aeolian deposits (G.l, C.l) became iimiinenc, the 
low sinuosity, sandy, braided rivers (H.4,G.2.E.2 and C.2) became i n -
creasingly sheec sand dorainaced. Pebble size and content decreased. 
These Crends possibly indicace shallowing. A matching, though slight 
improvement in che sorcing and rounding of sand grains occurred in Che 
Cop 4 mecres (angular mode Co sub-angular mode)(Places 24 - 27). This 
may reflect f l u v i a l reworking of che earliesc aeolian dunes (Plate 25). 
At Walton Bay (Formation C, 17 metres)(Fig. 77), the interdune 
surface following the f i r s t aeolian dune cross-set was inundated by 
shallow, f l u v i a l braided sheet sands. These do noc show palaeocurrenc 
diversion by aeolian dunes. Subsequently, the aeolian dunes excluded 
a l l f l u v i a l activity. The dunes in both Formations were small, barchan 
or barchanoid dunes that in Formation C descended larger, transverse 
compound bedforms wich very low angle lee slopes (cf, Wilson 1972b, 
Brookfield 1977). As in ocher scudies (Chs 3, 4) che dunes were migra-
Cing in a direccion v i r t u a l l y opposed to the flow of the rivers. 
The dunes show negligible change in size through either G.2 or 
C.2 dune sequences. This may suggest that their source was roughly fixed, 
unlike that of the Beenmore Formation in southwest Eire {Ch, 4). 
The upper boundary of both aeolian members (G.l, C.l) is erosive. 
The aeolian deposits appear to have been partially l i t h i f i e d prior Co 
Che erosion, suggescing chac chere may have been some Cime gap. 
The succeeding FormaCions (F - D and B) are probably Che deposits 
of levied f l u v i a l systems whilst Formation F is chiefly an associated 
lacustrine deposit (Fig. 82). 
These finer grained, leveed f l u v i a l and lacustrine systems may 
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have succeeded the aeolian dune deposits because the fl u v i a l system 
was i n i t i a l l y impounded behind the remains of the dunefield. This is 
comparable to the present Okovango area of the Kalahari desert (Grove 
1969). 
In the basal section of Formation B, overlying the thick aeolian 
Formation C at Walton Bay, the cross sets and cross-laminae suggest 
flow may have been directed more towards the east (Fig. 77). This may 
be due to f l u v i a l diversion by the partially eroded and overwhelmed 
dunefield. Fluvial diversion occurs along the northern margin of the 
Wahiba Sands, Oman (see Glennie 1970, pp 38, 93)(Figs 6.c, 82). 
I t is possible that gradually decreasing aridity also assisted the 
f l u v i a l deposits to overtop the dunefield. This has occurred i n the 
Kalahari (Grove 1969). However, there is no evidence of any climatic, 
change within.the upper part of the main dune sequence of Formation 
C (Figs 77, 79). 
In conclusion, the sets of interactions associated with Formations 
G and C are very similar; both show a similar f l u v i a l gradation up to 
the base of the aeolian deposits. That gradation reflects increasing 
sand supply, quality of sorting, and f l u v i a l shallowing. The aeolian 
units are covered by f l u v i a l deposits of unusually low energy, or lacus-
trine deposits. This may be due to impounding of the f l u v i a l systems 
on the northern margin of the dunefields (see Fig. 82). 
Problems remain: have some Formations been inadvertently repeated 
within the lithostratigraphy? I f so, was there only one dunefield in 
the stratigraphic column, that thinned rapidly in 3 kilometres to the 
northeast (Figs 81, 82)? 
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CHAPTER 7 
A TEST OF THE INTERPRETATIONS OF AEOLIAN DUNE TYPE IN THE INDIVIIXJAL 
SEQUD^ CES BY DEVELOPMENT OF AN AEOLIAN SAND TRANSPORT PATTHIN FOR THE 
BRITISH ISLES DURING THE LATE DEVONIAN 
7.1 Introduction 
The studied Devonian aeolian sequences are frequently composed of cross 
sets w i t h a unimodal spread of foreset dip directions. These have been 
interpreted as barchan, barchanoid or transverse dune deposits, based 
upon the studies of Shotton (1937), Reiche (1937) and McKee (1966). 
However, there are two possible problems with these interpretations. 
a) There i s an apparent r a r i t y of longitudinal dune deposits preserved 
in the geological record. This fact led Rubin and Hunter (1985) to 
question i f longitudinal dune deposits were being mis-identified as 
barchanoid or transverse dune deposits, Rubin and Hunter suggested 
that longitudinal dunes may migrate slowly perpendicularly to t h e i r 
Crestline. However, thei r crests by d e f i n i t i o n remain oriented at 15*^  or 
less to the resultant aeolian sand d r i f t d i r e c t i o n (RDD), Rubin and 
Hunter postulated that t h i s dow migration could form a set of unidirec-
t i o n a l l y dipping foresets. These could imitate transverse dune sets, 
but t h e i r dip would be near perpendicular to the resultant aeolian sand 
d r i f t d i r e c t i o n (RDD). 
However, some of the Devonian successions are composed of narrow, 
persistent trough cross-sets. The orientation of the trough axes may be 
very consistent. Such successions would appear to be very u n l i k e l y to 
be longitudinal dune deposits, based upon the lack of modification sur-
faces and consistency and persistence of trough axes ( c f . Rubin and 
Hunter 1985). 
b) Attention has recently been focussed upon modern oblique dunes 
(Hunter et aj_. 1983). These are r e l a t i v e l y straight-crested dunes, that 
by d e f i n i t i o n migrate obliquely (between 15*"* and 75*"*) to the resultant 
sand moving wind. 
In order to test i f someor a l l of the Devonian aedlian deposits were 
formed by one of these aeolian dune types, a l l the sequences d i s t r i b u -
tions of foreset dip directions are compared. This may highl i g h t r e g i -
onal d i s p a r i t i e s i n dune type. For instance, i f one sequence has a 
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unimodal foresee dip d i r e c t i o n that i s perpendicular to those of other 
dune deposits i n the southern B r i t i s h Isles. I t may represent a se-
quence of longitudinal dune deposits, and would then require further 
examination. 
7.2 The Southern B r i t i s h Isles 
Data i s available from the following Devonian aeolian successions i n 
the southern B r i t i s h Isles (Figs 83 - 88, 90). 
a) Portishead, Avon. The Upper Old Red Sandstone, Portishead, Group. 
Member G.2 (Figs 83, 90)(Ch. 6) Sequence thickness 9 metres, n = 28, 
Best f i t foreset dip d i r e c t i o n - 320*^-330°. Mean cross-set thickness 
1 metre; maxiinum cross-set thickness 2.5 metres. 
b) Portishead, Avon. The Upper Old Red Sandstone, Portishead, Group. 
Member C.2 (Figs 84, 90)(somewhat younger than Formation G)(see Ch. 6) 
Sequence thickness 52 metres, n = 115. Best f i t foreset dip. 
d i r e c t i o n - 330^-340°. Mean cross-set thickness 61 centimetres, 
maximum cross-set thickness 2.2 metres. 
c) Brecon, South Wales. The Upper Old Red Sandstone, Plateau Beds 
Formation, )Bember B (Lovell 1978)(Figs 85, 90) Sequence thickness 18 
metres, n = 69. Best f i t foreset dip d i r e c t i o n - 336°. Maximum cross-
set thickness 1.5 metres. Interpreted by Lovell (1978) as barchan or 
transverse dune deposits. 
d) The Galty Mountains, central southern Eire. The Upper Old Red 
Sandstone, Galtymore Formation (Fig. 90)(Carruthers 1985, pers. conm.). 
n = 5A4. B e s t - f i t foreset dip d i r e c t i o n - 347°, Interpreted by 
Carruthers as un i d i r e c t i o n a l l y migrating simple and compound dune forms. 
e) Beenaman, Dingle Peninsula, southwest Eire. (Old Red Sandstone of 
any possible age between upper Lower and lower Upper Old Red Sandstone). 
The Pointagare Group, Upper Member (B) of the Beenmore Formation (see 
Ch. 5)(Figs 86, 90) Sequence thickness 190 metres, n = 46. Best f i t 
foreset dip d i r e c t i o n - 334°. Mean cross-set thickness 2 metres. Max-
imum cross-set thickness 8.8 metres. 
f ) R e d c l i f f , Dingle Peninsula, southwest Eire (Old-Red Sandstone of any 
possible age between upper Lower and lower Upper Old Red Sandstone). 
The Caherbla Group, Kilmurry Formation (see ch. 4)(Figs 87, 90). 
Sequence thickness 250 metres, n = 183 (although i n some cases several 
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F I G S . 83,84.86. UPPER HEMISPHERE POLAR PROJECTIONS FOR 
POLES TO AEOLIAN DUNE F O R E S E T S FROM THREE MID-LATE 
DEVONIAN SEQUENCES - WITH BEST FIT DIRECTIONS. 
OPEN CIRCLES IN 83 AND 84 ARE POLES TO DUNE TROUGH 
BOUNDING SURFACES. 
FIG.85. ROSE DIAGRAM WITH VECTOR MEAN FOR AEOLIAN DUNE 
FORESET DIP DIRECTIONS FROM THE LATE DEVONIAN PLATEAU 
BEDS,UNIT B FROM LOVELL (1978),PHD THESIS 
THE LETTERS REFER TO LOCATIONS ON THE PALAEOGEOQRAPHY, 
(FIG. 90). SEE TEXT FOR DETAILS. 
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FIQ. 87. UPPER SUCCESSION, 
KILMURRY SANDSTONE 
FORMATION. CAHERBLA 
GROUP, REDCLIFF SECTION. 
DINGLE PENINSULA 
14B 
FIG. 88. MIDDLE SUCCESSION, 
KILMURRY SANDSTONE 
FORMATION, CAHERSLA 
GROUP, 0 -48 METRES, 
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FIGS. 87. 88. UPPER HEMISPHERE POLAR PROJECTIONS FOR POLES 
TO AEOLIAN DUNE F O R E S E T DIP DIRECTION. F O R E S E T S FROM TWO 
LOCALIT IES IN THE MID-LATE DEVONIAN KILMURRY FORMATION 
WITH BEST FIT DIRECTIONS,(SEE CH 4). THE LETTERS REFER 
TO LOCATIONS ON THE PALAEOGEOQRAPHY, (FIG 90). 
S E E TEXT FOR DETAILS 
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readings are taken from d i f f e r e n t levels i n giant sets). B e s t - f i t fore-
set dip dir e c t i o n - 148°. Mean cross-set thickness, uncertain, but 
many around 5 metres. Maxinajm cross-set thickness 21 metres (including 
a modification surface). 
g) Eastern Kilmurry Bay, Dingle Peninsula, southwest Eire (as i n ( f ) 
but s l i g h t l y lower i n the Kilmurry Formation)(pre-fluvial succession 
only)(see Ch. 4)(Figs 88, 90). Sequence thickness 48 metres, n = 44. 
Best f i t foreset dip dir e c t i o n - 160°. Mean cross-set thickness 80 
centimetres. Maximum cross-set thickness 3.5 metres. 
Sequences (a) to (e) are a l l Upper Red Sandstone deposits and are 
therefore of broadly similar age. A l l t h e i r best f i t forest dip direc-
tions are between 320/330° and 347° (Figs 83 - 88, 90). 
In the Portishead Group, Formations G and C (Figs 83, 84, 90), the 
unimodal cluster of foreset dip directions has a wide spread. To help 
to define the resultant d r i f t d i r e c t i o n (RDD) more c l e a r l y , the amount 
and d i r e c t i o n of dip of the sides of trough-shaped bounding surfaces are 
also plott e d . I n the Portishead Group, Formation C (Fig. 84), the b i -
sector of the trough flank dip directions supports a resultant d r i f t 
d i r e c t i o n toward 330°. However, i f one puts greater emphasis on the 
steepest foresets, one might suggest that the resultant d r i f t d i r e c t i o n 
was more northerly (340°?). 
The Portishead Group, Formation G (Figs 83, 90), appears to have 
been deposited by resultant aeolian sand d r i f t directed more toward the 
west. The bisector to the spread of foreset dip directions i s placed 
approxijnately at 320 - 330°. 
As Formation C i s far thicker and has less d i v e r s i t y of foreset 
dip d i r e c t i o n , more credence should be attached to i t . 
Formation C of the Portishead Group i s composed of narrow, exten-
sive trough cross-sets, with a r e l a t i v e l y consistent trend to the 
trough axes. I t contains r e l a t i v e l y few modification surfaces. These 
features suggest that most of the Formation sets were deposited by 
simple barchan or barchanoid dunes. The b e s t - f i t foreset dip directions 
for successions (a) to (e) are very consistent, ranging between 320 and 
350°. The mean of the f i v e b e s t - f i t d i p directions i s around 336°, 
A l l are wi t h i n 15*^  of t h i s mean, and the Portishead Group, Forma-
t i o n C, i s strongly believed to be the deposit of simple barchan or 
barchanoid dunes on larger, slipfaceless compound dunes. Therefore a l l 
the o r i g i n a l interpretations for the sequences as the deposits of 
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barchan, barchanoid or transverse dunes are maintained. Apparently 
very straight-crested transverse dunes formed the Beenmore Formation 
aeolian deposits (Figs 86, 90)(Ch. 5). However, i f t h i s s t r a i g h t -
crestedness was caused by dune migration with o b l i q u i t y to the p r e v a i l -
ing wind, the o b l i q u i t y was small. 
Sequences (a) to (e) were deposited at l o c a l i t i e s across a 500 
kilometre width of the seaward (southward) draining p l a i n of Caledonian 
molasse on the margin of the Old Red Sandstone continent ( c f . Woodrow 
et a l . 1973, Allen 1979)(Figs 89, 90). The s i m i l a r i t y i n the resultant, 
aeolian sand d r i f t directions (the b e s t - f i t foreset dip directions) i s 
remarkable considering the distance between l o c a l i t i e s . The prevailing 
winds across t h i s b e l t of the molasse plain were evidently very consis-
tent. 
I t i s possible that the Caledonide Mountains to the north of the 
molasse p l a i n protected the region from winds from the north (Figs 89, 
90). 
Published global palaeogeographic reconstructions based upon palaeo-
magnetic evidence are i n general agreement that during the late Devonian, 
the B r i t i s h Isles lay w i t h i n the Southern Tropics. These reconstruc-
tions also indicate that the B r i t i s h Isles were oriented between 15° 
and 25° anticlockwise fron t h e i r present orientation (Creer 1973, 
Tarling 1980, Smith, Hurley and Briden 1981, Livermore, Smith and 
Briden 1985, Scotese, Van der Voo and Barrett 1985, Tarling 1985). 
Global palaeogeographies based upon sediinentological and faunal 
evidence also place the B r i t i s h Isles i n the Southern Tropics (Haekel 
and Witzke 1979, Boucot and Gray 1983). 
Experiments by Fultz et al. (1959) and arguments by Lamb (1961) 
suggest that the basic c e l l u l a r wind system operating over the surface 
of the globe i s u n l i k e l y to have changed r a d i c a l l y during the Phaner-
0 2 0 1 C 
Therefore, for Phanerozoic time, one may accept that the trade 
winds always flowed from the Tropics toward the low pressure b e l t at 
the Equator. The c o r i o l i s force causes southern hemisphere winds mig-
rat i n g from the Tropic to the Equator to be directed roughly towards 
the northwest (Niewolt 1977, Rhiehl 1979, Hellerman and Rosenstein 
1983)(Fig. 91). 
Lloyd (1982), following Fultz et al_. (1959) and Lamb (1961), 
demonstrated that the tr o p i c a l margins of the trade wind belts were 
unlik e l y to have expanded, contracted or migrated by more than a few 
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Note that southern Britain is placed 5-10 degrees south of the equator. 
283 
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degrees of l a t i t u d e during the Phanerozoic, An exception to t h i s may 
occur during periods of extreme g l a c i a t i o n ( c f . Glennie 1970, 1983b, Fig. 
5). 
Palaeomagnetic and faunal lines of evidence presented above have 
suggested that during the middle and late Devonian, the southern B r i t -
ish Isles lay i n the southern t r o p i c a l b e l t . Further, the palaeomag-
netic evidence presented above suggests that the B r i t i s h Isles were 
oriented between 15*^  and 25*^  anticlockwise from t h e i r present orienta-
t i o n . This would mean that the resultant aeolian sand d r i f t directions 
obtained from successions (a) to (e) o r i g i n a l l y ranged between 300° and 
327° (given a 20° anticlockwise rotation)(Figs 90, 92, 93). 
This suggests that the resultant sand moving winds blew to the 
northwest obliquely across the seaward (southward) draining p l a i n of 
Caledonian molasse. 
A f i n a l question remains: Was t h i s resultant sand moving wind due 
to the southern hemisphere trade winds, or due to convection and low 
pressure over the Caledonide mountains? 
The resultant aeolian sand d r i f t d i r e c t i o n f o r the successions i s 
oblique to the trend of the predicted middle t o upper Devonian coast-
l i n e and also to the apparent trend of the Caledonide mountain f r o n t 
(c f . Ziegler 1982)(Fig. 90). That d i r e c t i o n , or angle of intersection, 
suggests that even i f convection were the major cause f o r the winds, the 
wind d i r e c t i o n would appear to have been modified by c o r i o l i s force i n 
a similar manner to the southern hemisphere trade winds (Fig. 91). 
I t i s very probable that convection d i d occur over the Caledonides, 
due to the a b i l i t y of the r e l a t i v e l y dark, bare rock to be heated r e l a -
t i v e l y rapidly. This occurs over the Oman Mountains today (Glennie 
1970, p. 94). Such winds would have reinforced daytime, onshore winds 
that blew up the coastal plai n ( c f . Rhiehl 1979)(these are also caused 
by the r e l a t i v e l y rapid daytime heating of the land r e l a t i v e to the 
sea; Rhiehl 1979). Both these types of daytime winds are generally 
stronger than the nighttime downslope winds, except i n g l a c i a l regions 
(Nieuwolt 1977). 
The following paragraph sumnarises the discussion so far on the 
middle to upper Devonian apparent resultant wind pattern on the seaward 
draining plai n that extended across the southern B r i t i s h Isles at the 
time. 
Daytime convectional and onshore winds c e r t a i n l y occurred. The 
wind d i r e c t i o n evidence suggests that c o r i o l i s force consistently 
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deflected the winds v^stwards. This suggests that the southern B r i t i s h 
Isles lay w i t h i n the southern hemisphere. The s i m p l i c i t y and unidirec-
t i o n a l i t y of the dune remnants preserved i n successions (a) to (e) 
across t h i s broad p l a i n also suggest that the area was influenced by 
a simple wind regime and therefore probably lay i n the tropical b e l t 
( c f . Glennie 1970, Nieuwolt 1977)(Figs 89, 90). On t h i s basis, i t i s 
probable that the daytime convectional and onshore winds were enhanced 
by, or enhanced trade winds. This predicted position w i t h i n the south-
ern t r o p i c a l b e l t i s i n strong agreement with many published palaeo-
geographies based upon palaeomagnetic evidence (Creer 1973, Tarling 
1980, Smith, Hurley and Briden 1981, Livermore, Smith and Briden 1985, 
Scotese, Van der Voo and Barrett 1985, Tarling 1985), and faunal evid-
ence (Haekel and Witzke 1979, Boucot and Gray 1983). 
Sequences ( f ) and (g)(Figs 87, 88, 90) are representative sequences 
through the Kilmurry Formation (Ch. 4). This Formation i s of uncertain 
age, but i t can be s t r a t i g r a p h i c a l l y positioned between uppermost Lower 
and lowermost Upper Old Red Sandstone, An upper Middle O.R.S. posi t i o n 
i s perhaps most l i k e l y (see Ch. 4). 
The foreset dip directions i n these two sequences d i f f e r from those 
of sequences (a) to (e) and therefore need a further explanation. 
In sequences ( f ) and (g) the best f i t foreset dip directions are 
to 160° and 148° respectively. After a 20 - 30° anticlockwise r o t a t i o n 
(based upon the consensus of palaeogeographic reconstructions from 
palaeomagnetic data; see above), these dip directions are 130/140° and 
118/128° respectively. Therefore the resultant sand d r i f t a t these 
l o c a l i t i e s was towards the southeast. 
I t has already been demonstrated i n Chapter 4 that the Kilmurry 
Sandstone Formation dunefields developed due t o dune shoaling on the 
fan deposits adjacent to the f a u l t scarp. I t was also concluded that 
the f a u l t scarp had protected the dunefield from most wind from the 
south and southeast, p a r t i c u l a r l y i n the 18 kilometre long b e l t from 
Acres Point to (Xirraheen Glen (Fig. 5 3 ) ( i n t h i s b e l t , no dune foreset 
reversals to the northwest are known; Fig. 53). 
I t was also demonstrated i n Chapter 4, Section 18 (Conclusions), 
that the scarp would have to have been several kilortetres high i n 
order to form a vortex, generated by the winds from the southeast where 
return flow could influence the entire width of the dunefield (Fig. 54). 
The a l l u v i a l fan deposits do not indicate that the scarp was several 
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kilometres high, but perhaps 1-1.5 kilometres high. This height 
would be s u f f i c i e n t to afford protection to the dunefield from the winds 
from the southeast, whilst the wind vortex so caused may have influen-
ced the fan area and possibly dunes, that lay further south between 
the preserved dunefield and f a u l t scarp (Fig. 54). 
So what factors may have caused lesser winds that blew toward the 
southeast? 
F i r s t l y , i t i s l i k e l y that at nighttime the a i r cooled rapidly 
over the mountains t o the north and therefore winds blew downslope to-
ward the south ( c f . Nieuwolt 1977). Such winds may have oriented per-
pendicularly to the f a u l t scarp ( c f . Chs 2, 4 ) , and blown toward the 
southeast and south-southeast i n t h i s area. 
The second p o s s i b i l i t y i s that convection over the upfaulted area 
to the south of the Dingle Peninsula could have caused daytime winds 
directed southeastwards towards the scarp. I t i s highly l i k e l y that a 
strong low pressure c e l l developed over the rapidly heated Caledonides 
during the southern hemisphere summer. The clockwise winds generated 
by t h i s c e l l would have been l i k e l y to have blown to the southwest i n 
the southern B r i t i s h I s l e s , unless c o r i o l i s force was s u f f i c i e n t to 
div e r t them to the south or southeast. 
Data on the palaeogeography of the Old Red Sandstone continent and 
world, remains l i m i t e d ; therefore no further speculation on the causes 
of the southeast directed winds i n t h i s region i s possible here. 
7.3 Devonian Aeolian Deposits i n the Northern B r i t i s h Isles (Fig. 90) 
Data i s available from the following Devonian aeolian successions i n the 
northern B r i t i s h I s l e s , 
h) Fife and Kinross, eastern Scotland. The Upper Old Red Sandstone 
Knox Pulpit member (Chisholm 1985, pers. comm.XFig. 90) Sequence 
thickness 100 metres, n = 549. Vector mean foreset dip d i r e c t i o n -
254*^ . Maximum cross-set thickness 2.5 metres. 
j ) Hoy and Dunnet Head, northeast Scotland. Data from 12 Upper Old 
Red Sandstone l o c a l i t i e s (McAlpine 1976)(Fig. 90). ,n = 646. General 
foreset dip d i r e c t i o n by mean of l o c a l i t y vector means 246*^ . 
k) Yesnaby, Orkney. The lower Old Red Sandstone (Fannin 1971)(Fig. 
90) n = 20. Vector mean 123*^ . Mean cross-set thickness 1 - 1.5 metres 
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Maximum cross-set thickness 3 metres. Noust of Biggin, Orkney. The 
lower Old Red Sandstone (Fannin 1971)(Fig. 90). Sequence thickness 30 
metres +, n = 12. Vector mean - 104°. Mean cross-set thickness 1 
metre. Maximum cross-set thickness 2 metres. 
1) Southeast Shetland. Upper Middle Old Red Sandstone (Allen and 
Marshall 1981)(Fig, 90). Sequence thickness unknown, 
( i ) n = 42 foresets generally dip to north 
( i i ) n = 34 foresets generally dip to northeast 
Mean cross-set size approximately one metre. Maximum cross-set size 
3 metres. 
These resultant d r i f t directions are plotted on Figure 90. I t i s 
apparent that t h e i r pattern i s far more complex than that f o r the 
southern B r i t i s h I s l e s . 
The most extensive and s i g n i f i c a n t l o c a l i t i e s i n the Upper Old Red 
Sandstone are those of Hoy and Dunnet Head (Fig. 90), studied by 
McAlpine (1976). The twelve l o c a l i t i e s have a spread of vector means 
ranging around the southvest quadrant and indicating resultant aeolian 
sand d r i f t to that quarter. 
S i m i l a r l y , the upper Old Red Sandstone aeolian deposits of Fife 
and Kinross have a foreset dip d i r e c t i o n vector mean toward the west-
southwest (Chisholra 1985, pers. cctim.) 
The resultant d r i f t directions for these two areas are therefore 
roughly p a r a l l e l to the major tectonic lineaments and late Devonian 
valley trends i n eastern Scotland ( c f . Bluck 1967, Anderton e t a]_. 1979) 
On t h i s basis, Chisholm (1985, pers. comm.) suggested that the dunes 
deposited i n the Fife area migrated under resultant winds channelled 
west-southwestwards along the Midland valley. Such a model may also 
have applied f o r the Great Glen area (see Fig, 90). 
Giving the Scottish data a 20° anticlockwise r o t a t i o n , to return 
i t to i t s believed upper Devonian orien t a t i o n (see 7.2), indicates 
that the resultant aeolian sand d r i f t was to the southwest. 
Resultant sand d r i f t to the southwest could suggest that the topo-
graphy channelled one of three possible wind types. 
The f i r s t p o s s i b i l i t y i s that weak winds were created by a low 
pressure c e l l over the Caledonides during the southern hemisphere 
sunnier (as i n eastern South America at present)(Fig. 91). 
Al t e r n a t i v e l y , northern hemisphere winter trade winds may have 
crossed the Equator in t o t h i s area of low pressure ( c f . Nieuwolt 1977, 
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Fig, 4.2)(Fig. 91). 
The Hoy and Dunnet Head sequences (Fig, 90) could also be p a r t l y 
due to winds created by daytime convection over the Caledonide 
mountains. 
I t i s also quite possible that a l l three of these effects caused 
winds toward the west and south which could have been subsequently 
channelled by the topography. 
The upper Middle Old Red Sandstone deposits on southeast Shetland 
are also believed to have been deposited by l o c a l , topographically 
controlled winds forced to flow p a r a l l e l ho the highlands to the imned-
iate west (Allen and Marshall 1981). 
I t seems probable that topography controlled wind d i r e c t i o n and 
aeolian sand transport i n the northern B r i t i s h I s l e s . However, the 
major Upper Old Red Sandstone aeolian deposits migrated to the west-
southwest and southwest, possibly under the influence of summer winds 
generated by clockwise low pressure c e l l s and channelled by the topo-
graphy. This evidence for a clockwise r o t a t i o n to the low pressure c e l l 
supports a postulated position f o r the B r i t i s h I s l e s w i t h i n the south-
ern hemisphere. 
In conclusion, the data from the aeolian successions i n the south-
ern and northern B r i t i s h Isles support published palaeogeographies 
based upon palaeomagnetic and faunal evidence. The data from the 
southern B r i t i s h Isles i s also consistent with the region having l a i n 
w i t hin the southern hemisphere trade wind b e l t . 
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CHAPTER 8 
THE PE^IAN, DAWLISH SANDSTONE FCMIATION, DAWLISH, SOUTH DEVON 
8.1 Introduction 
Published studies of Permo-Triassic aeolian deposits i n northv^st 
Europe are fa r more numerous than those for Devonian aeolian deposits 
i n the same region. This i s p a r t l y because the Permo-Triasic deposits 
are more widespread and also because they contain gas reservoirs i n 
some areas (Glennie 1970). 
The published accounts demonstrate that Permo-Triassic f l u v i o -
aeolian associations on a variety of scales are r e l a t i v e l y common. 
This i s demonstrated by the studies i n South Devon (Laming, 1954, 1966, 
1982, Henson 1970. 1971, and Glennie 1970). A selection of published 
studies of fluvio-aeolian associations i n the Permo-Triassic of north-
west Europe are presented i n Table 6. Some of these are discussed 
further and compared to fluvio-aeolian associations of other ages i n 
Chapter 9. 
8.2 South Devon - Stratigraphy (Fig. 95; Table 5) 
A great proportion of the stratigraphic framework for the New Red 
Sandstone succession of South Devon was developed by Laming (1954, 1966, 
1968, 1982). This has subsequently been formalised with some modifica-
tions, by Smith et al^. (1974); f o r the area around and to the north of 
Exeter, by Bristow and Scrivenor (1984), and for the Exmouth area by 
Henson (1971). 
The stratigraphy used here i s set out i n Table 5. 
I t i s important to note, that f a u l t i n g and somewhat poor exposure 
inland, require correlations between the coastal section and the 
Exeter area to be used with caution. 
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8.3 The Ages of the Lithostratigraphic Units 
Laming (1965, 1966, 1968, 1982) suggests that the base of the New Red 
Sandstone i n the southwest of England i s i n f a c t Stephanian (Upper 
Carboniferous). This i s based upon the dating of lavas interbedded 
with the most basal New Red Sandstone deposits (breccias) at Kingsand, 
southeast Cornwall. The lavas give an age of 295 M.A. (Lower Stephan-
ian). Laming (1982) suggests that t h i s indicates that the red bed 
deposition began soon af t e r the emplacement of the Dartmoor granite 
(at approximately 300 M.A.), 
A date of 279 M.A. from mafic lavas at Dunchideock ( M i l l e r and 
Mohr 1964), and 281 M.A. from mafic lavas at K i l l e r t o n ( M i l l e r et al^. 1961) 
both suggest that the associated Teignmouth Breccia Formation was depo-
sited i n the e a r l i e s t Permian (Laming 1965, 1966, 1968, 1982). 
The only biostratigraphic evidence comes from the Triassic succ-
ession. Rhynchosaurus remains were found i n the Otter Sandstone Form-
ation near the mouth of the River Otter (Whittacker 1869). Walker 
(1969) believes t h i s to be early-middle Ladinian (Middle Tr i a s s i c ) . The 
remains of Mastadonosaurus l a v i s i , found to the west of Sidmouth near 
the top of the Otter Sandstone Formation, are also believed early 
Ladinian (Paton 1974). 
Corroborating evidence f o r these ages cones from spores found i n 
the succeeding Mercia Mudstone Group. These include a form found i n 
the Dunscombe C l i f f section, known only from the middle to late Camian 
(early Late Triassic)(Warrington 1971). 
Smith et a l . (1974) and Laming (1982) therefore suggest that the 
Otter Sandstone Formation i s mid Triassic (Keuper), and the underlying 
Budleigh Salterton Pebble Beds Formation i s l i k e l y to be Lower Triassic 
(Bunter). The Aylesbeare Mudstone Group i s therefore placed i n the 
Upper Permian. 
Therefore, the age of the Dawlish Sandstone Formation can be i n t e r -
polated to be uppermost Lower Permian. This seems moderately r e l i a b l e 
as the Formation d i r e c t l y overlies the dated Teignmouth Breccias. 
Furthermore, t h i s Formation i s correlated w i t h the Rotliegendes f l u v i o -
aeolian deposit of northwest Europe (Glennie 1972, Smith et al_. 1974). 
These are also dated as uppermost Lower Permian (Smith et a]_. 1974). 
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TABLE 5 STRATIGRAPHY OF THE NEW RED SANDSTONE OF THE 
COAST OF S.E. DEV(»«. FROM lANING ( 1 9 8 2 ) 
WITH MINOR MODIFICATICW 
AGS UNIT 
TRIASSIC 
RHAETIAN 
KEUPER 
BUNTER 
WESTBURlf FORMATION 
BLUE ANCHOR FORMATION 
MERCIA MUDSTONE GROUP 
OTTER SANDSTONE PORMATIW 
BUDLEIGH SALTERTON PEBBLE 
BEDS (F0RMATI(»0 
UPPER 
PERMIAN 
LOWER 
CARBONIFEROUS STEPHANIAN 
LITTI£HAM MUDSTONE 
FORMATION 
EXMOUTH MUDSTCm AND 
SANDSTCmE FORMATION 
FAULT? NO EXPOSURE 
LANGSTONE BRECCIA MEWER 
(EXE BRECCIA MEMBER?) 
DAWLISH SANDSTONE FORMATI(»< 
TEIGNMOUTH BRECCIA FORMATICM 
NESS FORMATICm 
ODDICOMBE BRECCIA FORMATI(»< 
WATCOMBE FORMATION 
CHELSTON PAIGNTON BRECCIA 
FORMATKW 
LIVERMEAD BRECCIA FORMATION 
TORBAY BRECCIA FORMATION 
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8.4 The Dawlish Sandstone Formation: The local s e t t i n g 
The Dawlish Sandstone Formation i s well exposed along several k i l o -
metres of coastal c l i f f s at Dawlish (Figs 95, 96). The section extends 
from Corytons Cove to the southwest, to Langstone Rock to the northeast. 
The Formation i s underlain t o the west by the Teignmouth Breccia 
Formation and overlain to the east by the local Langstone Breccia Member 
(Laming 1982)(Table 5; Fig. 97). 
The Formation shews some f a u l t r e p e t i t i o n , causing the basal sec-
t i o n to outcrop several times i n the sections to the southwest of the 
town (Fig. 96). The entire Formation occurs between Dawlish railway 
s t a t i o n and Langstone Rock (Fig. 96). 
The Formation can be followed inland, but corr e l a t i o n i s poor, due 
to lack of any internal biostratigraphic and l i t h o s t r a t i g r a p h i c marker 
horizons. Further complications are caused by the many poorly exposed 
f a u l t s . Understanding of the f a u l t system i s improving however (Chesher 
et al^. 1976, ecological survey sheet 339 - s o l i d and d r i f t e d i t i o n ) , lead 
ing Laming (1982) to interpret, the Formation as the more d i r e c t l a t e r -
al c orrelative of the Clyst Sandstone Member near Exeter. 
8.5 A Suimiary of the Work of Laming (1954, 1966, 1982) on the Dawlish 
Sandstone Formation 
Derek Laming (1954) recognised breccias, two types of sandstone and 
occasional mudstone units within the Formation. 
Breccias i n t h i n , extensive sheets v^re interpreted as the depos-
i t s of sheetfloods, w h i l s t some of the thicker lenses with concave-up-
ward eroded bases were interpreted as channel deposits. Laming (1954) 
believed these units to have been deposited by flow toward the south-
east on an a l l u v i a l fan. 
Pebbly sandstones and sandstones with poorly defined laminae were 
s i m i l a r l y interpreted as sheetflood and more rar e l y , small c h a n n e l - f i l l 
deposits on the a l l u v i a l fan. 
Laming also recognised a second sandstone facies. This was generally 
a moderately to very well sorted sandstone, composed of sharply defined, 
extensive laminae. This frequently formed small to very, large cross-sets 
with foreset dip directions i n a wide, but unimodal spread (Fig. 98). The 
spread indicated a modal foreset dip d i r e c t i o n toward the north-northwest. 
These cross-sets were interpreted as the deposits of aeolian barchan 
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dunes that migrated towards the north-northwest. 
Laming concluded that aeolian dunes accumulated adjacent t o , and 
periodically advanced onto the a l l u v i a l fan (Laming 1 9 5 4 , 1 9 6 6 , 1 9 8 2 ) , 
8.6 The Aims and Field Techniques of the Present Study 
This study re-examines the succession through the Formation, concentra-
t i n g on the nature of the fluvio-aeolian associations at a l l scales. 
Much of the succession i s adjacent to the mainline railway and i s 
inaccessible for very detailed study. Therefore the section (Fig. 9 7 ) 
was recorded by tape and compass study from the opposite side of the 
railway l i n e . The Formation i s 2 4 5 metres thick i n t h i s section (Fig. 
9 7 ) . 
8 . 7 The Facies 
1 ) Breccias: Description (Plate 3 2 ; Fig. 9 7 ) Beds of medium to dark 
brown-red breccias are cormion. The largest observed clasts are 3 0 
centimetres i n diameter (long axis measurement). Modal clast diameters 
vary between one and ten centimetres diameter. Clast shapes range from 
very angular to rounded, but are commonly angular to sub-angular. The 
clasts are moderately spherical. A l l breccia beds contain a framework 
of rudaceous clasts. 
Laming ( 1 9 5 4 ) described the following clast. compositions: 
(Juartzites 7 0 % , Volcanics 2 0 - 2 5 % . Devonian limestone 5 % , some small 
blocks of CXilm slates. 
The breccia matrix may constitute up t o 4 9 7 o of the deposit and i s 
coarse to f i n e , poorly to well sorted sandstone, with some clay. 
Henson ( 1 9 7 1 ) describes the sandstone to be feldspathic or arkosic with 
up to 2 0 7 o orthoclase. Grains of culm slate are also present. This 
sandstone may also contain very occasional mudstone i n t r a c l a s t s . 
The breccia beds are frequently very extensive sheets which f i n e 
upwards i n some cases. These beds are generally only 1 0 - 1 5 centimetres 
thick, though they may be stacked i n a multi-storey manner (Plate 3 2 ) . 
The sheets frequently have small shallow scours at t h e i r bases, that cut 
int o the underlying bed. Imbrication also occurs. 
Rarely, the breccias occur i n large lenses at least 1 0 metres wide 
with erosive bases. The lenses are up to three metres thick (Fig. 9 7 , 
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70 metres). I t i s probable that the lenses were up to 40 metres wide, 
based on crude extrapolation from exposed sections. 
These large lenses contain both flat-bedded units and cross-sets. 
The cross-sets are generally planar with low angle foresets and are up 
to 70 centimetres thick. However, a thicker cross-set is observed to 
f i l l a lens from one side at 68 metres i n the section (Fig. 97). 
The preferred orientation of imbrication and scour lenses are d i f -
f i c u l t to judge, diie to the single trend of much of the c l i f f face. 
The lack of imbrication and presence of shallow but sometimes steep-
sided scours on the north-northeast - south-southwest oriented section 
indicates that scours were oriented roughly perpendicularly to t h i s 
section. In the Teignmouth Breccia Formation for the 20 - 30 metres 
below the Dawlish Sandstone Formation imbricate clasts dip to the north-
west and wst-northwest. 
However, at 5 metres i n the section, by the coastguard lookout 
post (Fig. 97), scours trend to the northeast and imbricate clasts dip 
to the southwest. 
1) Interpretation The poor overall sorting, c l a s t size and shape, 
redness, and lack of any associated marine f o s s i l s or sediments support 
Laming's (1954, 1966) interpretation that the breccias are an a l l u v i a l 
fan deposit. 
The thinness and extensiveness of the sheets are characteristic of 
sheetflood deposits (McGee 1897, Bull 1977), as suggested by Laming 
(1954. 1966). 
The larger lenses are deeply incised i n t o underlying deposits and 
are interpreted as local channels ( c f . Laming 1954, 1966). 
In general i t appears that scours and Imbrication indicate that 
flow was toward the southeast (c f . Laming 1954, 1966, Henson 1971) 
However i n some parts of the succession scours and imbrication indicate 
that flow was toward the northeast and north-northeast (as at 5 metres 
on Fig. 97). 
2) Pebbly or pebble-free sandstones with poorly defined laminae: 
Description (Plate 32; Fig. 97) The beds are l i g h t orange to medium 
red. The sandstone ranges from poorly to very well sorted. Sand 
grains are very angular to rounded with a sub-angular .and sub-rounded 
mode. Some coarse very well rounded grains also occur. I t i s similar 
in composition to the sandstone matrix of the breccia facies. 
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Rudaceous clasts may constitute up to A 9 7 o of a deposit, but gener-
a l l y do not constitute more than 2 0 % of a deposit. The clasts may 
reach up to 1 0 centimetres diameter (long axis measurement), but are 
comnonly only a centimetre or two i n diameter (L.A.M.). The c l a s t 
shape, roundness and composition are similar to those i n the breccia 
facies. 
Beds may be up to 1 . 5 metres thick, but are commonly 2 0 to 4 0 
centimetres thick. These thinner beds frequently form extensive sheets 
with some shallow scours at t h e i r bases (Plate 3 2 ) . Alternatively they 
occur as f i l l s of 1 - 5 metre wide and 2 0 - 5 0 centimetre deep scours. 
These are f i l l e d massively, or by low angle cross-sets which often f i l l 
the scour from one flank (Plate 3 2 ) . 
Individual beds frequently f i n e upwards and contain less pebbles 
upwards. 
The sandstone laminae are frequently i n d i s t i n c t , of variable thick-
ness and gently wavy. Some rare beds up to 4 0 centimetres thick appear 
massive. Such massive beds are more common as scour f i l l s . 
Mudstone in t r a c l a s t s also rarely occur. 
2) Interpretation The features described above suggest a broadly 
similar depositional se t t i n g to that of the breccia facies. The domin-
ance of t h i n , extensive sandstone sheets and r a r i t y of large channel 
lenses again suggest that sheetfloods deposited the predominance of t h i s 
facies. 
However, the many minor scour f i l l s suggest that a number of very 
small channels also deposited a substantial proportion of the facies 
(Plate 3 2 ) . 
As demonstrated i n Chapter 4 , sheetflood deposits frequently occur 
i n regions subject to highly variable r a i n f a l l and runoff (Mc(5ee 1 8 9 7 , 
McKee et al^. 1 9 6 7 ) . This may indicate that these extensive sheet 
deposits were l a i n down by ephemeral floods. Therefore the associated 
minor channels are l i k e l y to be ephemeral stream deposits (cf. Brook-
f i e l d 1 9 8 0 ) . 
The channel lenses once again indicate flow predominantly to east-
southeast although i n some sections to the northeast ( c f . Henson 1 9 7 1 ) 
(Plate 3 2 ) . 
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3) Moderately t o very well-sorted sandstones forming cross-sets that 
reach dips of over 15^: Description (Plate 33; Figs 97, 99) These 
medium-grained feldspathic sandstones are moderately t o very well-sorted 
w i t h l i t t l e i n t e r s t i t i ^ a l clay. Grains are moderately t o highly spheri-
cal and range frctn very angular t o very rounded, with a strong mode of 
sub-rounded t o rounded grains ( c f . Laming 1954). Many of the feldspar 
grains present appear t o have degraded t o grains of k a o l i n i t e . However, 
i t appears t o have contained a roughly similar proportion t o facies 
one or two. Occasional grains o f slate also occior. 
The sandstone i s wholly cross-bedded, the foresets being composed 
of sharply defined laminae. These laminae are divided i n t o four types 
of small scale s t r a t i f i c a t i o n : These types have been discussed i n 
d e t a i l i n Chapter 3, section 2.nand Chapter 4, section 11. 
Type a) Inversely graded s t r a t a i n medium grained sandstone 2 - 1 0 
millimetres t h i c k . 
Type b) Normally graded s t r a t a i n medium grained sandstone, 2 - 1 2 
millimetres t h i c k . 
Type c) Coarser, more homogeneous sandstone i n s t r a t a that wedge out 
down dip. 3 - 2 0 millimetres t h i c k . 
Type d) Ungraded strata i n medium-grained sandstone, 2 - 1 2 m i l l i -
metres thick. 
Because of the lack of d i r e c t a c c e s s i b i l i t y t o much of the railway 
c u t t i n g , information on these types of stra t a i s l i m i t e d . 
These strata form cross-sets whose maximum foreset dip ranges 
from 15*^  to 30° and i n one instance, i s oversteepened to 50° (Fig. 97, 
12.5 metres). The cross-sets are tabular or wedge shaped, i n f a i r l y 
equal proportions. Some of the wedge-shaped sets (including the t h i c k -
est set) have margins suggesting that they were deposited i n troughs. 
The cross-sets are conmonly 50 centimetres to 3 metres thick. However, 
the thickest set i s 17 metres thick and l i e s w i t h i n a trough that was 
at least 100 metres wide. The foresets of the set dip alopg the trough 
axis (Fig. 97. 132 metres). 
Rarely, minor internal bounding surfaces occur w i t h i n a cross-set. 
Hiese minor surfaces dip i n a broadly similar d i r e c t i o n to the foresets. 
Ihey dip at lower angles than the foresets, although up to 28° i n some 
cases. They truncate the foresets, but are themselves'truncated w i t h 
the foresets by the main bounding surfaces. These occur i n cross-sets 
of a l l sizes. 
392 
The foresets show a wide range of dip directions, but have a 
modal dip d i r e c t i o n toward the north-northwest according to Laming 
(1954, 1966)(Fig, 98). I n one unusual trough set;, tnudstone i n t r a -
c lasts up t o 20 X 10 centimetres occur w i t h i n the set. However they 
only occur near the margins of the steeply dipping basal scour (Plate 
33; Fig. 97, 103 metres). 
3) Interpretation The q u a l i t y of s o r t i n g ; sparseness of d e t r i t a l 
clay; lack of pebbles; sharpness and extensiveness of laminae; pres-
ence of inversely graded laminae; size, shape and maximum dip of cross-
sets a l l suggest that the facies was formed by migrating aeolian dunes. 
The small-scale s t r a t i f i c a t i o n 
a) Inversely graded s t r a t a have been demonstrated to be characteristic 
of sub-climbing wind r i p p l e deposits (Hunter 1977). These wind ripples 
may have migrated over the lower slope of the dune lee ( c f . Hunter 
1981). 
b) Normally graded small-scale strata have been demonstrated to form 
i n aeolian deposits c h i e f l y by g r a i n f a l l deposition from suspension 
(Hunter 1977, Fryberger and Schenk 1981). 
c) The coarser-grained, sometimes thicker laminae that are sometimes 
observed to wedge out down foreset dip are characteristic of deposits 
formed by sand avalanches down dune slipfaces (Bagnold 1941, Hunter 
1977, McKee 1979a, Ahlbrandt and Fryberger 1982). Hence these tend t o 
occur i n the steeper foresets. 
d) The ungraded, yet generally medium-grained strata may be types (a) 
or (b) that appear ungraded due to lack of grain-size contrast or poor 
exposure. A l t e r n a t i v e l y , but f a r less l i k e l y , they may be formed by a 
currently unrecognised aeolian process. 
The r e l a t i v e proportions of the four types of small scale str a t a 
are not known due to the following: Lack of d i r e c t a c c e s s i b i l i t y t o 
much of the railway c u t t i n g ; poor exposure; and the presence of type 
(d) s t r a t a . 
Laming (1954, 1966) believed that the wide yet unimodal spread of 
foreset dip directions (over 210°) indicated that the dunes had been 
barchans. However, i t appears probable that such structures were also 
created by barchanoid dunes.(cf. Allen 1982 Vol. 1, Ch. 9; Ross 1983 
Fig. 10.a). Some sections contain tabular cross-sets with r e l a t i v e l y 
steep foreset dips. These foresets may be nearly d i r e c t l y opposed t o 
those i n a similar underlying tabular set. This suggests that the 
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FIG. 98. ROSE DIAGRAM FOR AEOLIAN DUNE SANDSTONE 
C R O S S S E T DIP DIRECTIONS IN THE DAWLISH 
SANDSTONE FORMATION. (DAWLISH CLIFF) . 
FROM LAMING (1982). 
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barchan or barchanoid dunes migrated i n a range of directions over 
perhaps 120° (Fig, 98). 
The presence of a spectrum of set and coset thicknesses w i t h no 
marked bimodality of thicknesses may suggest that only simple dunes were 
present. This i s supported by the apparent r a r i t y of minor bounding 
surfaces dipping i n roughly the same di r e c t i o n as the foresets. Nor 
are these minor bounding surfaces regularly or c y c l i c a l l y developed. 
They are therefore unlike those interpreted by Brookfield (1977) and 
Steele (1981) as the products of pa r a s i t i c dune migration over draas. 
The minor bounding surfaces are therefore considered t o be occasional 
modification surfaces i n cosets created by small and large dunes, a l i k e , 
a l l of which may have been simple. 
As an individual dune deposit reaches a thickness of 17 metres, the 
largest dunes were at least t h i s height. However, some of the smaller 
sets have moderately high maximum foreset dips, suggesting that the 
overall dune was r e l a t i v e l y low (Fig, 97). 
The large clay i n t r a c l a s t s that occur w i t h i n an aeolian dune set 
i n a trough at 102 metres (Fig. 97; Plate 33) need explanation. The two 
metre deep trougji i s incised downward through a mudstone sheet of facies 
(b). I t i s therefore probable that aeolian d e f l a t i o n either completely 
cut, or at least accentuated the trough, undercutting the adjacent 
facies (b) mudstone sheet. Blocks of the mud collapsed down the flank 
of the scour to be buried w i t h i n the i n i t i a l aeolian dune sand. 
(4) Moderately to very well-sorted sandstones composed of low angle 
cross-sets (up to 15*^  d i p ) : Description (Plate 33; Fig, 97) In most 
respects the facies i s similar to facies 3, The main difference i s that 
cross-sets are truncated at angles of 15° or less. The d i s t r i b u t i o n 
of foreset dip directions i s only 10 - 20° wider than the steeper fore-
sets of facies 3 (see Laming 1954 Fig. 18)(Fig. 98). 
I n accessible sections, both inversely graded (type a) and normal-
l y graded (type b) small scale st r a t a are found. Some medium grained, 
t h i n , ungraded small-scale strata also occur (type d ) . 
(4) Interpretation The s i m i l a r i t y of textures and structures to those 
i n facies 3 suggest that facies 4 i s also an aeolian dune deposit. The 
occurence of only lower angle foresets suggests that'less of each dune 
was preserved, due t o a lower angle of climb for the dunes or al t e r n a t -
i v e l y due to t h e i r closer spacing. This may also be related to dune 
size, suggesting that the sets were deposited by smaller dunes (see 
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Plate 32 The Dawlish Sandstone Formation, Dawlish, South 
Devon. The low angle, cross-bedded, moderately 
t o well sorted sandstones (facies 4) are i n t e r -
preted as aeolian dune toe deposits. These are 
overlain and incised by pebbly sandstone and brec-
cia sheets (facies 2 and 1), These l a t t e r 
facies are interpreted as f l u v i a l sheetflood 
deposits. Note that the sheetflood sandstones 
contain a high proportion of reworked aeolian sand 
i n t h i s section. 
Field of view i s 14 metres wide. View toward 
the north-northwest. 
Plate 33 The Dawlish Sandstone Formation, Dawlish, South 
Devon, Low-moderate angle cross-bedded, moderate-
l y t o w e l l sorted sandstone w i t h foresets dipping 
t o the west and northwest (facies 4 ) . These are 
interpreted as aeolian dune deposits. The main 
scour i s flanked and floored by large angular mud-
stone i n t r a c i a s t s . This suggests that aeolian 
d e f l a t i o n p r i o r t o aeolian deposition caused l a t -
e r a l undercutting, allowing collapse of interdune 
muds (facies 5) down the side of the aeolian scour, 
Field of view i s 7 metres wide. View toward the 
north-northwest. 
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Chapter 5, section 3). 
The inversely-graded small-scale strata have already been i n t e r -
preted as the deposits of s u b - c r i t i c a l l y climbing wind ripples and 
the normally-graded strata as g r a i n f a l l deposits ( c f . Hunter 1977, 
1981). Their predominance i n modem dune toe deposits i s well documen-
ted (Hunter 1977, 1981, Kocurek and Dott 1981). 
5) Thin frequently parallel-laminated sandstone and mudstone sheets 
and lenses: Description (Plates 32, 33; Fig, 97) The facies has 
three components. 
a) Part of the facies i s composed of sheets of moderately to very well 
sorted, medium-grained, p a r a l l e l laminated sandstone. This contains 
similar small-scale s t r a t i f i c a t i o n types to facies 4, 
The facies may occxir i n sheets or shallow lenses up t o one 
metre t h i c k although commonly less than 50 centimetres thick (Plate 33; 
Fig. 97). 
b) This component of the facies i s rare. I t i s composed of sheets and 
lenses of less well-laminated, moderately to very well sorted sandstone, 
that may contain wavy laminae or appear massive and f i n e upwards. This 
type may have minor scours at the base of beds and contain clay i n t r a -
clasts and occasional pebbles. Beds are up to 40 centimetres thick 
(Plate 33). 
This component i s part of facies two except where intimately i n t e r -
bedded w i t h components (a) and (c) of facies 5. 
c) Mudstone sheets and shallow lenses constitute the t h i r d component 
of the facies. Beds may be up to onemetre t h i c k , but are generally only 
one to two centimetres th i c k . These often l i e i n gently concave-upward 
lenses f i v e t o ten metres wide. The mudstone frequently contains sand 
f i l l e d v e r t i c a l cracks (Plate 33; Fig. 97). 
5) I n t e r p r e t a t i o n 
a) The parallel-laminated sandstones w i t h similar small-scale s t r a t i -
f i c a t i o n types to facies 4 are interpreted as aeolian sheet sands (see 
Chapter 3, section 3). Some are probably low angle dune toes. 
b) The presence of massive bedding or i n d i s t i n c t , scmetimes wavy, 
laminae, occasional pebbles, mudstone i n t r a c l a s t s , and the lack of small 
scale s t r a t i f i c a t i o n types found i n type (a) are a l l indicative o f 
f l u v i a l deposition. As the sandstone often has similar grain size and 
sorting characteristics t o the aeolian deposits, i t i s possible that 
floods reworked loose aeolian deposits. 
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c) The muds tone sheets and lenses are also interpreted to have been 
waterlain, based on t h e i r frequent association w i t h type (b) deposits 
and frequent presence o f dessication cracks. The dessication cracks 
suggest that flooding was ephemeral. 
These three components (a, b and c) form a single facies. As the 
facies i s frequently interbedded between aeolian dune sets (facies 3 
and 4 ) , i t i s l i k e l y that i t was deposited i n interdune areas ( c f . 
Chapters 2, 4, 5, and 6). 
As the facies contains interbedded windlain and waterlain deposits 
i n roughly si m i l a r quantities, the interdune areas are believed to 
have been sporadically flooded as suggested by the numerous dessication 
cracks. However, some of the thicker mudstone beds suggest more peren-
n i a l and larger interdune ponds occurred. The f i v e to ten metre width 
of some of the thinner mudstone lenses may indicate that the dune cusps 
i n which they lay were t h i s width. This i n turn may suggest that the 
dunes were r e l a t i v e l y small ( c f . Finkel 1959). This i s i n agreement 
with the frequently small cross-set size i n the aeolian dune facies, 
8.8 Facies Assemblages 
Two main assemblages of facies occur w i t h i n the Dawlish Sandstone Forma-
t i o n . F i r s t l y , an assemblage of f l u v i a l facies 1 and 2, and secondly, 
an assemblage dominated by aeolian facies 3, 4 and 5 (see Fig. 
1) The Fluvial Assemblage This occurs i n u n i t s that f i n e from breccia 
to sandstone, (^nerally, these f i n i n g upwards cycles are less than a 
metre t h i c k ; however, occasionally they reach 5 - 1 0 metres t h i c k ; f o r 
instance, between 70 and 80 metres (Fig. 97). 
Interpretation Small f i n i n g upwards cycles have been recognised i n 
both ancient and modern coarse f l u v i a l or fan deposits by many workers 
(Doeglas 1962, Bluck 1967, M i a l l 1977, Bull 19^ 72, McKee et a l . 1967). 
These are a t t r i b u t e d to deposition from waning flow during a single 
flood (McKee et al^, 1967) or a l t e r n a t i v e l y , due t o channel aggradation 
(Doeglas 1962, Moody-Stuart 1966). In the case of these predominantly 
sheetsand deposits, the former appear more l i k e l y . However, f o r the 
thicker f i v e metre thick fining-upwards e y e l e s ^ f i l l i n g deeply incised 
channels, the l a t t e r appears more l i k e l y , ( c f . Moody-Stuart 1966, M i a l l 
1977, Ck)llinson 1978G). 
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2) The Aeolian Assemblage FVilly developed facies 3, 4 and 5 assem-
blages are rare, and often solely steep or low angle cross-bedded 
dune deposits occur (facies 3 and 4 respectively; see Fig. 97). 
I n general, where interdune deposits occur i n the sequence, they 
are associated w i t h thinner dune sets. This may be because the smaller 
sets represent the remains of smaller dunes (see facies 4 and 5 - Dis-
cussions). These are more l i k e l y t o occur near to t h e i r aeolian sand 
sources and may have r e l a t i v e l y wide interdune areas ( c f . McKee 1966 -
White Sands, U.S.A.; Glennie 1970 p. 84, Qatar; and Andrews 1981, Great 
Sand Dunes, U.S.A.). 
In one or two cases, mudstone drapes extend from interdune lenses 
up aeolian dune foresets, i n the basal dunes i n the Dawlish C l i f f Walk 
section (SX 963763). These were believed by Laming (1954) t o be due to 
aeolian transport of clay chips onto the lower flank of a dune- These 
were then remoistened and welded together. However, i n one or two cases 
the drapes appear t o extend from the mudstone lens perfectly. This 
appears to suggest that the interdune area became flooded to the depth 
indicated by the mudstone drape on the dune foreset (up to 50 - 60 cen-
tientres up the toe i n extreme cases). Glennie (1970) also believes 
most mud drapes on dune toes t o be water deposited. 
8.9 The Fluvio-aeolian Associations 
The Dawlish Sandstone Formation has now been demonstrated to contain 
interbedded f l u v i a l and aeolian deposits. The relationships of the 
f l u v i a l and aeolian deposits may now be examined. 
I t has been demonstrated that many of the breccia and pebbly sand-
stone beds that l i e imnediately above aeolian dune cross-sets have very 
planar and extensive bases. As suggested i n e a r l i e r chapters, t h i s may 
indicate that the f l u v i a l deposits were l a i n down on interdune surfaces 
cut by aeolian d e f l a t i o n . 
The interdune areas would be of r e l a t i v e l y low r e l i e f i n compari-
son t o the dunes and therefore could act as broad channels t o sheet-
floods. 
Laming (1954) noted that the steepness of some channel and scour 
margins cut i n t o the aeolian deposits implied that the channelled sur-
face was somewhat cemented p r i o r t o the channelling event. I f the dune 
deposit had af t e r d e f l a t i o n l a i n near the surface i n an interdune area, 
early cementation could have occurred. 
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This agrees with the observation of Fryberger (1979) on the aeolian 
Weber Sandstone Formation, U.S.A., where most burrowing and cementation 
occurred at the top of aeolian cross-sets, imnoediately below extensive 
bounding surfaces. This early cementation may have been assisted by 
percolating dews or r a i n f a l l ( c f . Waugh 1970). 
Large steep-sided channels are rare (Fig. 97). The largest cuts 
down 3 - 4 metres from an interdune surface (Fig. 97, 170 metres). 
Unfortunately, only one of i t s margins i s seen. 
I n general, the dunes migrated t o the north-northwest, w h i l s t d r a i -
nage flowed southeast or i n sane cases t o the northeast. Therefore the 
drainage was frequently opposed or obliquely opposed t o the dune migra-
t i o n d i r e c t i o n ( c f . Laming 1954, 1966)(Fig. 98). However, i n some parts 
of the succession, where f l u v i a l and aeolian deposits are intimately 
interbedded as from 0 T 10 metres (Fig. 97), flow was toward the north-
northeast w h i l s t dunes migrated toward the west-northwest. This suggests 
that, as i n the previous studies (Chapters 2, 4, and 5 ) , the flow could 
be confined by the dunes and be channelled along interdune areas. This 
relationship can also be seen inland at Kenton Road c u t t i n g (SX 957836) 
(Laming 1954, 1966, Henson 1971)(Fig. 99). 
However, i n parts of the succession, t h i c k f l u v i a l sequences com-
posed of well sorted sandstone with some pebbles occur. Such thicknesses 
are highly u n l i k e l y to have occurred i n a single interdurie area (see Fig. 
97, 70 - 80 metres). They appear to contain very large quantities of 
f l u v i a l l y reworked aeolian sand. 
In the case at 67 metres (Fig. 97), a channel has cut to the south-
east across an interdune area. This flow appears to have cut near per-
pendicular t o the trend of the underlying dunes. Hence, the succeeding 
sheetfloods may have reworked dune sand from active dunes through which 
the flow cut. 
Strike-sections through the inland area of the Dawlish Sandstone 
Formation have been constructed from (Jeological survey sheet 339 f o r the 
Newton Abbot area ( s o l i d and d r i f t edition)(Chesher et a l . 1976). The 
sections indicate that breccia 'sheets' up to at least 10 metres t h i c k 
can reach widths of a t least 2 kilometres. This width i s near perpendi-
cular t o the east-northeastward palaeocurrent f o r the inland area 
( c f . Laming 1966). This width i s evidently f a r wider than were the 
interdune widths ( c f . McKee 1979b), Therefore i n t h i s case i t appears 
that floods removed aeolian dunes, causing coalescence of t h e i r i n t e r -
dune corridors. 
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FIO. 90. SECTION IN KENTON IN NORTHERN ROAD CUTTING ON THE A379. (957836) A FLUVIAL CHANNEL CUT STEEPLY INTO 
BARCHAN OR TRANSVERSE DUNE DEPOSITS, THE CHANNEL WAS NEAR PARALLEL TO THE DUNE TREND 
The thickening-upward sequence of dune cross-sets from 118 - 145 
metres (Fig. 97) indicates that occasionally dunes could develop with-
out hindrance from floods. The sequence has a matching decrease i n 
interbedded interdune deposits (Fig. 97). This may suggest that the 
dunes began t o shoal ( c f . McKee 1979b, 1983, Simpson and Loope 1985). 
The dramatic upward increase i n set size probably indicates that there 
was an increase i n dune size ( c f . Brodkfield 1977). Shoaling dunes that 
reached at least 17 metres high (Fig. 97), may have been capable of 
excluding fan floods from an area, as has been demonstrated i n Chapter 
4. 
However, other wholly aeolian dune assemblages are composed of t h i n 
dune sets w i t h moderate foreset dips s t i l l and sometimes interbedded 
interdune deposits- These were probably smaller dunes which shoaled 
less ( c f . McKee 1979b, 1983, Brookfield 1977)(Fig. 100). 
Therefore seme such aeolian assemblages may have formed not c h i e f l y 
due to a b i l i t y to exclude floods. Instead, they may be due to decreased 
flooding, caused by increased a r i d i t y or autocyclic migration of fan 
drainage away from the l o c a l i t y ( c f , Heward 1978, Bluck 1980). 
. The interdune deposits have tra n s i t i o n s both to and from aeolian 
(facies 3 and 4 ) , and coarse fan flood deposits (facies 1 and 2), This 
supports the theory that fan channels and sheetfloods extended i n t o or 
through interdune areas. Therefore i t i s also highly probable that some 
of the interdune mudstone sheets and lenses were deposited by impounded 
fan floodwater ponded i n interdune 'backwaters' or on interdune surfaces 
i n most d i s t a l l y flooded areas (see Chapters 2 and 4)(Fig. 100).' Rain-
storms over the dunefield may have also caused some interdune ponds which 
were ra r e l y or never f i l l e d by the main fan drainage system (compare to 
the Beenmore Sandstone Formation, Chapter 5). Some of these aspects 
are discussed further i n the following section on the overall succession. 
8.10 The Succession 
Description 
The overall succession through the Dawlish Sandstone Formation i s 245 
metres thick i n the Dawlish section. A normal f a u l t at 123 metres i n 
the section may cause some omission but t h i s i s believed to be only a 
few metres (Fig. 97). 
The Formation can be divided i n t o three successive stages. 
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a) 0 - 115 metres 
b) 115 - 145 itetres 
C) 145 - 245 metres 
a) The dune sets i n the lowest stage begin sharply at the base of the 
Formation. These overlie the Teignmouth Breccia Formation which appears 
to becone increasingly f i n e and sandy f o r the 10 - 20 metres below the 
base of the Dawlish Sandstone Formation.' 
The dune cross-sets (facies 3 and 4) are tabular and generally 
0.5-3 metres thick. These are interbedded with 1 - 4 metre t h i c k 
sheets o f breccia and pebbly sandstones (facies 1 and 2)(Fig. 97). I n 
the uppermost 25 metres of t h i s stage, the breccia and pebbly sandstone 
sheets become rare and thinner. Interdune mudstone lenses become 
coomon (Fig. 97). 
There i s a gap i n exposure i n the coastal section .between 33.5 and 
61,5 metres i n the succession. 
b) The second stage i n the succession has already been described and 
interpreted as a specific fluvio-aeolian association (section 8.9). I t 
i s composed of a sequence of dune sets that thicken upward to 17 metres 
thick, Interdune- deposits die out upward through the same sequence 
(Fig, 97). 
c) The t h i r d stage i n the succession (Fig. 97, 149-249 metres) i s dom-
inated by breccia and pebbly sandstone beds, frequently i n 5 - 20 metre 
thick u n i t s . Aeolian dune sets are rare and not over three metres thi c k . 
The dune sets become thinner upward through t h i s stage, u n t i l at 240 
metres they average 50 centimetres t h i c k , although these s t i l l have mod-
erately dipping foresets (20°; Fig, 97). 
At 248 metres, an uninterrupted succession of breccia and pebbly 
sandstone begins (Fig. 97), This i s interpreted as the base of the 
Langstone Breccia Member (see Laming 1954, 1966, 1982, Henson 1971) 
(Table 6). The subsequent succession of at least 30 metres of Langstone 
Breccia Member i s composed o f a single fining-upward sequence composed 
of breccia f i n i n g to f i n e r pebbly sandstone (Fig, 97). Exposure i s then 
negligible u n t i l the River Exe t o the east where Henson (1971) on seismic 
evidence, postulated a f a u l t along the r i v e r w i t h a 120 metre downthrow 
to the east. 
On the eastern bank of the River Exe (Fig. 95) breccias w i t h occa-
sional possible aeolian dune cross-sets occur (Henson 1971), I t remains 
uncertain i f these are the uppermost beds of the Langstone Breccia 
Member. 
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The Succession - In t e r p r e t a t i o n 
Stage a) The sudden appearance o f the aeolian dune deposits at the 
base of the Formation suggests that a major environmental change affec-
ted the area. Smith et al^. (1974) proposed the following model f o r some 
B r i t i s h Permian basins. As r e l i e f vgas gradually reduced, there was a 
decline i n orographic r a i n f a l l . They also suggested that basin f i l l i n g 
caused decreased fan slope. These changes allowed only sand t o gener-
a l l y reach fan toes i n the basin centres. Simultaneously, the decline 
i n r a i n f a l l caused vegetation cover t o decrease and allowed aeolian 
a c t i v i t y to increase, causing the reworking of fan toe sand i n t o dune-
f i e l d s . One may add that the decreased slopes and somewhat widened 
basins may have assisted the i n f i l t r a t i o n of floodwaters i n t o the sedir. 
ments. 
I f one applies t h i s argument t o the Dawlish succession, one might 
expect t o see a gradual large-scale f i n i n g upward of the underlying 
Teignmouth Breccia Formation. However, much of the f i n i n g upward occurs 
i n perhaps only 20 metres of the underlying Teignmouth Breccias ( c f . 
Laming 1954). This suggests that although the linked processes above 
almost c e r t a i n l y played a part i n the t r a n s i t i o n to aeolian deposition, 
a f u r t h e r , more immediate factor caused the sudden t r a n s i t i o n - This may 
have been a wider scale increase i n a r i d i t y . During the early Permian, 
C5ondwanaland maintained a large ice cap (Frakes 1979, pp 115, 129). I t 
i s possible that dramatic global clim a t i c o s c i l l a t i o n s occurred, similar 
to those demonstrated to have occurred duiring the Pleistocene ( c f . 
Fairbridge 1964, p. 128; Glennie 1970, pp. 92-95; 1983, p. 582; Frakes 
1979, pp. 150. 239). 
Unlike the Devonian C:aherbla Group (Chapter 4 ) , the aeolian advance 
appears t o have been widespread (Chesher e t a l . 1976, (Geological survey 
map (Newton Abbot), sheet 339 - s o l i d and d r i f t e d i t i o n ) . This suggests 
that fan lobe abandonment could not have been-a major cause f o r aeolian 
dune advance. However, a small scale dune colonisation of fan areas 
was undoubtedly assisted by abandonment of some drainage courses. 
There i s no evidence to suggest that major f a u l t i n g occurred i n 
the hinterland, causing suddenly more d i s t a l fan deposition ( c f . Brook-
f i e l d 1977). 
The deposits of stage (a) appear t o represent a balance between 
dunes that probably r a r e l y reached over 10 metres i n height and sub-
ordinate sheetflood deposits w i t h a s o l i t a r y channel (67 metres on Fig. 
97). The thinner sheetflood deposits were i n some case channelled bet-
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ween probably barchanoid dunes (Fig. 97, 5 metres; Fig. 100). The 
thicker flood sequence with a channel at the base at 67 metres cut a 
course perpendicular t o the estimated dune trend (Figs 97 and 100). 
Stage b) As previously discussed the stage (b) deposits are v i r t u a l l y 
exclusively aeolian, and include aeolian dune sets of increasing size. 
These appear to have shoaled. Once established, these large dunes 
may have excluded floodwaters from the l o c a l i t y . These dunes may have 
developed i n i t i a l l y due t o increased a r i d i t y , or lack of s i g n i f i c a n t 
flooding i n the area due to the fan-controlled migration of fan drain-
age ( c f . Heward 1978, Bluck 1980). 
A decrease i n sand supply may have caused subsequent decrease i n 
dune set thickness. This could be due to removal of the dunes on the 
upwind margin of the 'shoal* by more e f f e c t i v e p e r i o d i c floods ( c f . 
Cliapter 4, section 16). 
Stage c) Ihe deposits of t h i s stage demonstrate a rapid return to sheet-
flood and ephemeral stream deposition. Dune deposits are sparse and 
decrease i n frequency and size upwards through the 100 metres. This 
suggests that a f t e r the i n i t i a l dramatic t r a n s i t i o n to flood deposition, 
the fan drainage system gradually increased i t s dominance over the area. 
As dune cross-set thickness decreases upwards, whilst scroe of the 
thinnest sets r e t a i n moderate foreset dips, i t i s believed that dune 
heights and therefore o v e r a l l sizes were decreasing (Fig. 97). This 
may r e f l e c t decreased aeolian sand supply due to increased coarseness 
and decreased sorting of the sheetflood and ephemeral stream deposits. 
The subsequent Langstone Breccia Member represents the culmination 
of the change seen i n stage ( c ) , and the t o t a l domination of the area 
by the a l l u v i a l fan deposition. 
There i s no evidence to suggest that u p l i f t i n the west caxased fan 
progradation at t h i s time. An alternative cause was proposed by Laming 
(1982) following Smith et a l . (1974). Smith et al_. had recognised that 
breccia developments occurred at the end of the lower Permian i n several 
parts of B r i t a i n . They suggested that the expansion of the Zechstein 
Sea at that time had caused increase r a i n f a l l which had caused fan 
progradation. 
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8.11 Conclusions (Fig. 101) 
The Dawlish Sandstone Formation was a response to both basin aggradation 
and probably an increase i n a r i d i t y . 
The dunefield l y i n g on the d i s t a l fan never gained s u f f i c i e n t over-
a l l r e l i e f to exclude floods. 
The simple aeolian dunes were barchan and barchanoid. These mig-
rated to the west, northwest and north. Dune migration more toward the 
north may have been due to a wind channelled along the mountain f r o n t 
(Laming 1966)(Fig.l01). The dune migration more toward the w s t may 
have had two causes. F i r s t l y , winds toward the west may have occurred 
due t o convection over the mountains t o the west. Secondly, winds may 
have blown t o the west due to a low pressure c e l l over northwestern 
Europe which at that tiine lay i n the sub-tropical b e l t (Laming 1958, 
1966, Glennie 1970). 
Although smaller floods could be channelled between the dunes, 
larger floods could cut the dune trend. The alternation of large flood 
deposits and aeolian dune deposits suggests that major floods rarely 
reached the area but could be powerful when they did. This con-
tra s t s with the Devonian successions and w i l l be discussed i n Chapter 9. 
F i n a l l y , the subsequent decline of aeolian dune deposition i n the 
region may have been due to an increase i n r a i n f a l l , the cause of which 
was possibly the expansion of the Zechstein Sea (Smith e t a l . 1974). 
319 
QiAPTER 9 
A OOMPARISON OF PUBLISHED STUDIES OF ANCIENT FLUVIO-AEOLIAN ASSOCIATIONS 
WITH THE CASE STUDIES AND PUBLISHED STUDIES ON PLEISTOCENE TO HOLOCENE 
ASSOCIATIONS 
9.1 Introduction 
Examples and models have now been presented f o r Pleistocene and Holocene 
fluvio-aeolian associations. Case studies f o r several Palaeozoic f l u v i o -
aeolian associations have also been presented. These two sets of 
examples and models may now be compared to published studies of pre-
Pleistocene fluvio-aeolian successions. 
9.2 Climatic Regimes Under Which Ancient Aeolian Sandstone Successions 
Are Believed To Have Been Deposited 
Ancient aeolian successions and associated deposits frequently contain 
evidence of at least periodic a r i d i t y and warmth (examples i n Table 6, 
Figure 102). The presence of abundant feldspar grains, calcretes, or 
evaporites indicate that the climate was at least seasonally a r i d . The 
presence of calcretes or evaporites also suggests high temperatures 
occurred at least seasonally ( c f . Woodrow et a l . 1973). Palaeomagnetic 
evidence also suggests that many of the successions were deposited i n 
the low latitudes and frequently i n the sub-tropical belts (see (Chapters 
7 and 8). 
There i s sparse evidence f o r examples of ancient aeolian sandstones 
deposited i n cold climates; however, considering t h e i r l i m i t e d extent, 
even i n Pleistocene and Holocene higher l a t i t u d e successions, t h i s i s 
not too surprising. I t also appears l i k e l y that much of the aeolian 
dune cover created during g l a c i a l phases i n mid to higher latitudes i s 
destroyed during the subsequent climatic amelioration. This can be ob-
served t o have occurred during the Holocene i n northwest Europe and the 
U.S.A. ( c f . Seppala 1972, Cooper 1938). 
Palaeomagnetic results suggest that pre-Mesozoic aeolian dunefields 
were deposited i n a broader low-latitude climatic b e l t including near 
equatorial regions. For instance, the Upper Carboniferous and Lower 
Permian, New Red Sandstone deposits of South West England (Laming 1966, 
1982) and the Late Devonian deposits of the B r i t i s h I s l e s iCh. 7). 
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Lamiiig (1966) sioggested that t h i s was due to a less evolved and 
less extensive vegetation cover .during the Palaeozoic. Glennie and 
Evamy (1968) also suggested that the lack of grasses before the Creta-
ceous would have allowed greater sediment erosion i n a broad range of 
la t i t u d e s , Schumn (1968) suggested that t h i s may have caused a change 
i n the patterns of r i v e r s . Cotter (1978) tested t h i s hypothesis and 
demonstrated that there was a Mid-Palaeozoic change i n f l u v i a l s t y l e 
f r o n nearly a l l braided r i v e r s , to a mixture of braided and meandering 
r i v e r s . This was presumably when land plants began to cover and bind 
a s i g n i f i c a n t proportion of the sediment surface. However, i t remains 
probable that sediment surfaces became more e f f e c t i v e l y s t a b i l i s e d by 
vegetation cover during l a t e r periods also. 
9.3 Ancient Aeolian Associations at the Largest Scale 
F i r s t l y , what l i e s above or below a predominantly aeolian deposit desig-
nated as a Member or Formation? 
Fl u v i a l or fan deposits appear to be the most common associates 
(Table 6, Fig. 102). Shallow marine deposits are somewhat less common 
(Table 6, Fig. 102)(McKee 1979c'). Aeolian deposits associated w i t h 
sabkha, playa, lacustrine, s o i l or volcanic deposits at t h i s scale are 
r e l a t i v e l y rare (Table 6, Fig. 102). However, the few examples of se-
quences of f l x j v i a l up t o aeolian up to playa deposits support the geog-
raphic model of Hardie, Smoot and Eugster (1978)(Ch. 2)(see Glennie 
1972). This sequence suggests that as the basin f i l l e d , the basin 
centre or d i s t a l environments encroached over the more proximal basin-
margin environments ( c f . Smith e t al_. 1974, Blackbourn 1984). 
I n a few cases the aeolian succession l i e s above or below an angu-
l a r unconformity (Table 6, Fig. 102). 
9.4 Ancient Fluvio-Aeolian Associations at the Largest Scale 
Having demonstrated the prevalence of a l l u v i a l fan and f l u v i a l succes-
sions i n association with aeolian successions at t h i s , the largest 
scale, the nature of the associated fan of f l u v i a l successions may be 
examined. 
The data f o r t h i s study includes published examples from a broad 
va r i e t y of ages, regions and basin types. I t also includes the data 
from the case studies ((Chapters 4, 5, 6 and 8). A l l t h i s data i s pre-
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seated i n Table 6 and Figure 102. 
There i s an apparent bias toward examples from northwest Europe 
and North America, probably due to i n t e n s i t y of study i n these regions. 
In a few instances, the examples are of successions from d i f f e r i n g parts 
of a single large basin. However, more than one example frcxn a basin 
i s included only i f there are s i g n i f i c a n t differences. . 
As workers may have interpreted similar fan or f l u v i a l successions 
d i f f e r e n t l y , the fan or f l u v i a l successions are categorised according 
to t h e i r dominant l i t h o l o g y . These divisions should broadly r e f l e c t 
the nature of the a l l u v i a l fan or f l u v i a l system that deposited a succ-
ession. The divisions are: conglomerates or breccias; pebbly sandstones; 
sandstones; sandstones with s i g n i f i c a n t siltstones and modstones; s i l t -
stones and mudstones-
The basin type, where known, i s given f o r each example, using the 
c l a s s i f i c a t i o n system set out i n Chapter 2 (Fig. 11). 
I n Figure 102, a few features are s t r i k i n g l y apparent. A large 
majority of the aeolian deposits are underlain by a f l u v i a l sandstone 
or pebbly sandstone succession. The subsequent aeolian deposits were 
probably sourced by these sandy f l u v i a l deposits p r i o r to l i t h i f i c a t i o n . 
This relationship has already been observed f o r Pleistocene and Holocene 
deposits i n Chapter Tvo, 
However, remarkably few of the aeolian successions are overlain by 
f l u v i a l sandstones or pebbly sandstones. Instead, the aeolian deposits 
are more commonly overlain by sandstones with siltstones or mudstones 
(Fig. 102). I n cases where the basins had drained t o an int e r n a l 'sink*, 
the giant fining-upward sequence suggests that basin slopes had decreased 
in angle as the basin f i l l e d with sediment ( c f . Smith et a l . 1974), The 
overall r e l i e f of the dunefield and the dune pattern i t s e l f may also 
have disrupted drainage ( c f . Garner 1974). 
Where the basin drained to a sea, the above processes oc f a c t o r s 
may also have operated, but marine transgressions could also have.caused 
f l u v i a l aggradations on the coastal p l a i n r e s u l t i n g i n deposition of 
f i n e r grained f l u v i a l deposits. 
I t i s i n t e r e s t i n g t o note that the aeolian deposits underlain by 
sandstones with si l t s t o n e s and mudstones are generally followed by 
shallow marine deposits or lavas (Fig. 102). The marine deposits sup-
port the contention that finer-grained, possibly more sinuous f l u v i a l 
systems lay on the coastal plains. The lavas suggest that similar 
f l u v i a l systems lay i n some of the giant shield areas, p r i o r t o the 
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Table 6 
to 
C O 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
16 
17 
18 
19 
20 
21 
Ancient aeolian deposits which are associated with ancient f l u v i a l deposits 
( t o be used i n conjunction with Figures 102 and 103) 
PRE-CAMBRIAN 
ORDOVICIAN 
DEVONIAN 
Hornby Bay Group, Northern t e r r i t o r i e s , Canada (Ross, 1983) 
Precambrian arenites, Chibuluma, Cbpper Belt, Zambia (Garlick,1967) 
Mindola e l a s t i c s formation. Copper Belt, Zambia (Clenmey 1976) 
Makgabeng Formation of the Waterberg Supergroup, South Africa (Meinster St T i c k e l l 1976) 
Winnipeg Formation, Manitoba, U.S.A. (Kessler 1975, 1978) 
Late Middle Devonian deposits. Southeast Shetland (Allen & Marshall 1981) 
Kilmurry Sandstone Formation, Caherbla Group, Dingle, Eire (Home 1974, 1975)(Ch. 4) 
Beenmore Sandstone Formation, Pointagare Group, Dingle, Eire (Ch. 5) 
Formation G, Member 1, Portishead Group, nr. B r i s t o l , Avon (Ch. 6) 
Formation C, Member 1, Portishead Group, nr. B r i s t o l , Avon (Ch. 6) 
Knox Pulpit and Kemback Formations, Fife & Kinross, Scotland (Chisholm 1985, pers. comm.) 
Tully Clastic Correlatives, New York State, U.S.A. (Johnson & Friedman 1964) 
UPPER CARBONIFEROUS Torbay Breccia Formation, South Devon (Laming 1954, 1966) 
14 PERMIAN Permian deposits of Arran, Scotland (Piper 1970, Clemmensen and Abrahamsen 1983) 
15 Rotliegendes, southern North Sea (Glennie 1970) 
Lower Permian, Flechtingen, East (Germany (Ellenberg e t a l . 1976) 
Rotliegendes, Schneverdingen, northwest (German lowlands (Prong e t a l . 1982) 
Permian deposits i n southern Scotland (Brookfield 1980) 
Dawlish Sandstone Formation, South Devon (Laming 1954, 1966, Henson 1971)(Ch. 7) 
Rotliegendes, Poznan depression, Poland (Bojorska e t al_. 197b) 
De Chelly Sandstone Formation, Northeastern Arizona, U.S.A. (McKee 1979c). 
Table 6 (contd) 
CO 
22 
23 TRIASSIC 
24 
24 
25 
26 
27 
28 
29 
30 'TRIASSIC L JURASSIC 
31 JURASSIC 
32 
33 
34 
35 JURASSIC-CRETACEOUS 
36 CRETACEOUS 
37 MIOCENE 
38 
Cedar. Mesa and White Rim sandstones, Utah, U.S.A. (Loope 1983) 
Lowermost Otter Sandstone Formation, South Devon (Laming 1954, 1982, Henson 1971) 
Tumlinu Sandstone; Lower Triassic, Holy Cross Mountains, Poland (Gradzinski et al_. 1979) 
Bunter Sandstones, Lower Triassic, Holy Cross Mountains, Poland (Senkowiczowa & Slaczka 
1962) 
Middle Buntsandstein, Western margin of the German Basin (Mader 1982b) 
Gipsdalen Formation (Middle T r i a s s i c ) , East Greenland (Clemmensen 1978) 
Thurstaston Member, Keuper Sandstone Formation, Cheshire (Thompson 1970a, b) 
Frodsham Member, Keuper Sandstone Forrnation, Cheshire (Thompson 1970a, b) 
E l l i o t Formation (Upper T r i a s s i c ) , Northeastern Cape, South Africa (Visser St Botha 1980) 
W o l f v i l l e and McCby Brook Formations, Nova Scotia (Hubert L Mertz 1984) 
Nugget Sandstone, Wyoming and Utah, U.S.A. (Picard 1975) 
Navajo Sandstone, Arizona and Utah, U.S.A. (Middleton & Blakey 1983) 
Page Sandstone, Utah and Arizona, U.S.A. (Blakey e t a l . 1983) 
Entrada Sandstone, Utah and Colorado, U.S.A. (Kocurek 1981) 
Botucatu Sandstone, Brazil (Almeida 1953, Bigarella 1979) 
Barun Goyot Formation, Mongolia (Gradzinski St Jerzykiewicz, 1974) 
Chuska Sandstone (Miocene), New Mexico/Arizona, U.S.A. (Wright 1956) 
Zia Sand Formation (Miocene), New Mexico, U.S.A. (Gawne 1981) 
UNIT 
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FIG. 102. TRANSITION DIAGRAM DEMONSTRATING LITHOLOGIES OF MAJOR FLUVIAL J Unconformity 
AND FAN STRATIGRAPHIC UNITS UNDERLYING AND OVERLYING A MAJOR AEOLIAN UNIT. NUMBERS REFER TO 
EXAMPLES IN TABLE 6. 
r i f t i n g and creation of the South A t l a n t i c . 
S l i g h t l y over h a l f of the aeolian successions are overlain by 
sandstone, pebbly sandstone, breccia or conglomerate successions. These 
coarser successions may have followed due t o tectonic reactivation i n 
or around the basin ( c f . Brookfield 1980, Clemnensen and Abrahamsen 
1983). Other coarsening events are believed to be due to increased 
r a i n f a l l or increased seasonality of r a i n f a l l ( c f . Thanpson 1970, 
S n i t h e t al,. 1974, Brookfield 1980, Laming 1982). 
9.5 Large-Scale Sedimentary Cycles Within Fluvio-Aeolian Successions 
Large scale sedimentary cycles w i t h i n fluvio-aeolian successions have 
been recognised by several workers. These cycles are a scale smaller 
than those i n Section 9.4 and i n some cases, several may occur w i t h i n 
a fluvio-aeolian formation ( c f . Clemmensen and Abrahamsen 1983). 
Thompson (1970a) recognised two cycles of fluvio-aeolian up to 
aeolian deposits i n the Lower Keuper sandstone of Cheshire. He i n t e r -
prets these to be c l i m a t i c a l l y controlled. 
In the eastern Kilmurry Bay section of the Caherbla Group on the 
Dingle Peninsula, Eire (Ch. 4 ) , large scale fluvio-aeolian associations 
were interpreted as due to climatic change. F i r s t l y , the dunefield 
was inundated by a long-term f l u v i a l incursion, then after 40 - 50 
metres, aeolian deposition was gradually re-established (Fig, 41, 0 -
115 metres). 
F i n a l l y , the Permian deposits on Arran are composed of 40 to 220 
metre coarsening-upward cycles, of aeolian sandstones overlain by 
f l u v i a l conglomerates, Clemmensen and Abrahamsen interpret these as 
indicating periodic tectonic u p l i f t of the source areas. 
I t i s apparent that cl i m a t i c and tectonic changes may control fan 
or fluvio-aeolian interactions at t h i s scale. The r e s u l t i n g fan of 
fluvio-aeolian associations are a l l o c y c l i c . 
9.6 Fl u v i a l and Aeolian Large-scale Palaeocurrent Relationships 
The following section examines the pre-Pleistocene deposits i n order to 
establish t h e i r palaeocurrent relationships (Table 6;.Fig. 103). The 
results are conpared and contrasted with the palaeocurrent r e l a t i o n -
ships f o r Pleistocene to Holocehe fluvio-aeolian areas. 
I t i s apparent from e a r l i e r discussions that dune type and trend 
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may control how channels cut a dunefield. Therefore the dune types 
interpreted to have deposited these pre-Pleistocene sequences must be 
discussed f i r s t . 
Pre-Pleistocene aeolian successions interpreted as the deposits of 
longitudinal dunes are apparently very rare (Rubin and Hunter 1985). 
This apparent r a r i t y has already been discussed i n the context of 
Chapter Two and Seven. The sparsity of pre-Pleistocene longitudinal 
dune deposits may be real or due to misinterpretation of some aeolian 
deposits, as suggested by Rubin and Hunter (1985), There also appears 
to be a r e l a t i v e sparsity of star dune deposits i n ancient aeblian 
sequences. 
However, i n many cases evidence strongly suggests that a deposit 
i s of barchan, barchanoid or transverse dune o r i g i n (see Chapters 4 - 8 ) . 
Therefore, assuming that most sequences were t r u l y deposited by barchan 
or transverse dunes, why didn't longitudinal dunes form, or a l t e r n a t i v e l y 
become preserved? The barchan to transverse dunes may clinib each other 
or shoal, as demonstrated by Wilson (1970, 1972b,. Shotton (1937), 
McKee and bfoiola (1975), and Brookfield (1977). This may greatly en-
hance the potential of these dune types t o form a t h i c k , preservable, 
aeolian deposit. Longitudinal dunes or star dunes migrate slowly, i f 
at a l l ( c f . Rubin and Hunter 1985, McKee 197,9b). Therefore they may have 
less a b i l i t y to form t h i c k deposits. The interdune areas may also form 
the drainage network i f the area becomes wetter. Therefore, longitud-
i n a l or star dunes may subsequently be lev e l l e d t o interdune level 
( c f . Ch. 2), 
Additional reasons f o r the great prevalence of barchan to trans-
verse dune deposits i n pre-Pleistocene sequences may be: a) wind 
strength and pattern were not suitable f o r longitudinal or star dune 
formation (Fig. 9 ) ; b) many of the pre-Pleistocene aeolian deposits 
are from small intermontane basins and piedmont areas i n Northwest 
Europe (Table 6, Fig. 102). 
Most of the intermontane basins and main piedmont scarps appear t o 
have been near perpendicular to the regional, resultant aeolian sand 
d r i f t d i r e c t i o n (see Ch. 6). This would explain the r a r i t y of perpend-
ic u l a r relationships between f l u v i a l and aeolian palaeocurrents f o r 
these pre-Pleistocene fluvio-aeolian deposits. 
Few studies of fluvio-aeolian associations i n externally draining 
basins indicate the palaeocurrent relationships (Table 6, Figs 102 and 
103). The few that do suggest that opposed f l u v i a l and aeolian palaeo-
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current relationships were most coninon, althougji perpendicular to 
shore and even offshore directed aeolian deposits rarely occurred i n 
deposits from the coastal margin (Clenmensen 1978, Stewart and Walker 
1980). This agrees broadly with the findings on Pleistocene and Holo-
cene fluvio-aeolian associations on externally draining plains (C3i. 2). 
F i n a l l y , deposits are known from non-piedmont settings i n a l i m i -
ted number of large inland basins. These include the main northwest 
European Permian and Triassic basins, and the Permo-Triassic basin i n 
southern A f r i c a . 
Many of the f l u v i a l and aeolian palaeocurrent directions recorded 
from deposits i n the southern North Sea basin are opposed or perpendi-
cular to one another (Glennie 1972). However, many of those recorded 
are r e l a t i v e l y close to upland areas. Similar palaeocurrent r e l a t i o n -
ships are found i n the Karroo Perroio-Triassic basin of southern Africa 
(Visser and Botha 1980). 
I n contrast, the deposits of the major inland basin i n northwest 
Europe during the Triassic suggest that f l u v i a l and aeolian palaeocur-
rents were frequently near-concordant. This i s explained by both 
Thompson (1970a) and Mader (1982) to be due to the r e l a t i v e l y stable 
coexistence of aeolian dune areas alongside Or w i t h i n f l u v i a l channel 
networks. During the Triassic, flow appears t o have been more perennial 
and the climate less a r i d than during the preceding Permian period. 
These factors may have allowed the greater channel s t a b i l i t y . 
This type of barehan-transverse aeolian dunefield, with crossing, 
concordant channels, i s not know to have occurred i n the Pleistocene or 
Holocene. This may have been due to the lack of a suitable climatic and 
basin regime i n the Pleistocene or Holocene, or a l t e r n a t i v e l y may be 
due to the evolution of vegetation since the Triassic, The appearance 
of grasses i n the Cretaceous may have i n h i b i t e d dune development adjacent 
to r i v e r s i n these less a r i d climates ( c f . Glennie and Evamy 1968). 
I t appears that i n general,the same types of fluvio-aeolian large-
scale palaeocurrent relationship have occurred throughout geological 
time. This appears to be largely due to the manner i n which prevailing 
winds and resultant aeolian sand d r i f t are frequently perpendicular t o , 
or opposed to slopes. I t i s also apparent that should the 
prevailing wind and drainage flow i n the same d i r e c t i o n (concordantly) 
establishnent of dunefields w i l l be* d i f f i c u l t . Exceptions from t h i s 
are i f the drainage i s weak and dies out on the upwind margin ( c f . Ross 
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1983), or a l t e r n a t i v e l y occurs i n r e l a t i v e l y stable channels, as exem-
p l i f i e d by the Triassic i n northwest Europe (Thompson 1970a, Mader 
1982). 
Other d i f f i c u l t i e s i n the balance of fluvio-aeolian palaeocurrent 
relationships between the pre-Pleistocene deposits and the Pleistocene 
to Holocene deposits are due to the following. 
a) The continued evolution and sediment s t a b i l i s i n g effectiveness 
of vegetation through geological time. 
b) The predominance of longitudinal dune deposits during the Pleisto-
cene. Longitudinal dunes may be more e f f e c t i v e i n excluding 
f l u v i a l incursions i n t o the dunefield where the drainage i s per-
pendicular to the resultant aeolian sand d r i f t d i r e c t i o n (see 
Chapter 2). 
9.7 The Types of Fluvial System Associated with Aeolian Dune 
Environments 
I t i s apparent from Figure 102 that very sandy f l u v i a l deposits f r e -
quently l i e below aeolian successions. This also applies to f l u v i a l 
deposits w i t h i n a fluvio-aeolian succession. 
These very sandy f l u v i a l deposits are o f two types. 
1) Successions of parallel-laminated or massive sheet sandstone. 
These are the main constituent of the f l u v i a l deposits i n the Permian, 
Dawlish Sandstone Formation (Laming 1966)(Ch, 8). They also formed 
some f l u v i a l sequences i n the Devonian, Caherbla Group (Home 1975) 
(Ch. 4 ) . Other successions where they are of importance are: the Devon-
ian Rotliegendes of the southern North Sea (Glennie 1970, 1972); the 
Permian of southern Scotland (Brookfield 1980, Clenmensen and Abraham-
sen 1983); the late Triassic of Nova Scotia (Hubert and Mertz 1980; the 
Pre-Cairibrian Mindola Clastics Formation of the Zarabian Copperbelt 
(Cletmiey 1976). 
In many of these cases the sandstones are associated with sandy 
breccias i n similar extensive sheets. 
As interpreted i n e a r l i e r chapters, these associations are charac-
t e r i s t i c of high energy, frequently sheet floods, which decline i n 
energy rapidly (Karcz 1972). Similar deposits are found i n and adjacent 
to active Holocene dunefields, p a r t i c u l a r l y i n the more arid regions 
where sudden rainstorms may cause sudden, r e l a t i v e l y unconfined runoff 
(Mabbut 1977). 
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2) Other Pre-Pleistocene f l u v i a l deposits associated w i t h aeolian 
deposits contain more cross-bedding. An e n t i r e aeolian formation i s 
quite often underlain by cross-bedded f l u v i a l sandstones, up u n t i l the 
l a s t few metres before aeolian deposits begin, where parallel-laminated 
sandstones dominate, f o r instance, i n the Portishead Group, Avon (Qi. 6), 
This also appears t o apply i n the Proterozoic Hornby Group i n Canada 
(Ross 1983), The cross-bedding suggests that water depth was greater 
wh i l s t flow rates were steadier and slower than during deposition of 
the parallel-laminated sandstones discussed above. This suggests that 
the deposits formed i n sandy, low sinuosity r i v e r s . Deposits from the 
Keuper Sandstone Formation i n Cheshire were s i m i l a r l y interpreted by 
Thompson (1970) and are intimately interbedded w i t h aeolian deposits. 
As discussed i n 9,6, t h i s association of aeolian dunes, with more stable, 
perennially flowing r i v e r s , may have been possible due t o the absence 
of grasses during the Triassic to bind overbank sediments adjacent t o 
channels (cf Glennie and Evamy 1968). 
Braided to anastomosing channel deposits i n the Middle Buntsand-
s t e i n of Western (Germany are s i m i l a r l y associated w i t h aeolian dune 
deposits (Mader 1982b), 
Rarely, examples of moderate sinuosity stream and r i v e r deposits 
are associated w i t h aeolian deposits, f o r instance, i n one major 
intertonguing i n t e r v a l of the Jurassic Kayenta Formation i n t o the aeolian 
Navajo Formation (Middleton and Blakey 1983). However, deposits of 
sandy, braided channels l i e below and above t h i s higher sinuosity chan-
nel deposit, immediately adjacent to the aeolian deposits (Middleton 
and Blakey 1983), 
The aeolian Formation C i n the Portishead Group i s capped by a 
moderate to high sinuosity f l u v i a l deposit, suggesting that a climatic 
change occurred (Ch, 6), However, only sandy, f l u v i a l , braided or 
sheet deposits are intimately interbedded with the aeolian deposits i n 
the Formation. 
I t i s apparent from the above discussion that the f l u v i a l deposits 
associated with ancient aeolian deposits are predominantly sandy, a l -
though where due to a l l u v i a l fan flood incursion, may contain breccias. 
The majority of f l u v i a l deposits intimately associated with aeolian 
deposits are flood deposits i n massive or parallel-laminated sheets. I n 
some instances, cross-bedded f l u v i a l deposits occur. These were depos-
i t e d by sandy, low-sinuosity, possibly braided channels. Occasionally, 
anastomosing or moderate to high sinuosity meandering channel deposits 
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occur. However, the l a t t e r are very rare, and are not intimately asso-
ciated w i t h the aeolian deposits. Instead they flowed around the dune-
f i e l d or inundated i t a f t e r a decrease i n a r i d i t y . 
9.8 Small-Scale Fluvio-Aeolian Associations 
I b i s scale includes a l l associations of interbedded f l u v i a l (including 
fan) and aeolian deposits smaller than those discussed i n Sections 9.4 
and 9.5. 
a) Associations w i t h longitudinal deposits 
As discussed previously, longitudinal dune deposits are very r a r e l y 
reported from the stratigraphic record. However, Clemmey (1976) i n t e r -
preted aeolian deposits•in"the Pre-Cambrian, Miridola Clastics Formation 
of the Zambian Copperbelt t o include longitudinal dune deposits. He 
also suggested that d i s t a l fan sheet flood t o playa deposits had been 
l a i d down i n the interdune areas. This agrees w i t h the models based 
upon flood deposition i n present dunefields, presented i n Chapter Two. 
b) Associations w i t h star dune deposits 
Unfortunately, no associations of f l u v i a l deposits w i t h ancient star 
dune deposits are know, therefore the model based upon sparse Pleisto-
cene to Holocene evidence (Ch. 2.10.g) cannot be tested further. 
c) Associations w i t h barchan to transverse dune deposits 
Many examples of fan or f l u v i a l deposits associated with barchan, bar-
chanoid or transverse dune deposits are known. These may sometimes 
have been reversing dunes, as i n parts of the Caherbla Group. They may 
be small simple dunes or large compound or possibly complex dunes (or 
draas). Deposits of at least one of these barchan to transverse dune 
types occur i n a l l examples c i t e d i n Table 6. 
As previously discussed, the continental waterlain deposits asso-
ciated w i t h these dune types can be any of the following spectra: 
rudaceous or arenaceous, d i s t a l fan, sheet flood deposits; massive, 
parallel-laminated or cross-bedded sandy channel deposits; backwater or 
overbank flood deposits; playas or sabkhas (see Table 6). 
Pre-Pleistocene deposits formed by ponded floodwater i n interdune 
areas have been recognised i n the Jurassic t o Cretaceous Santana Sand-
stone i n Bra z i l (Almeida 1953). Such deposits have also been well 
i l l u s t r a t e d from the Cretaceous Barun Goyot Formation o f Mongolia 
(Gradzinski and Jerzykiewicz 1974). 
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Brookfield (1980) recognised that fan floodwaters had i n some 
cases ponded against the margins of Permian dunefields i n southern Scot-
land. He also noted interdune lake deposits and suggested that they 
were created by overbank flooding, presumably from channel adjacent t o 
the dunefield, Middleton and Blakey (1983) explain similar deposits i n 
the Jurassic, Navajo Sandstone of Arizona i n the same way, as did Fryber-
ger (1979) f o r the Carboniferous to Permian, Weber Sandstone, Colorado. 
Mader (1982b) also suggested that heavy r a i n or f l u v i a l overbank flooding 
caused reworking of aeolian deposits and formation of shallow interdune 
lakes i n the Buntsandstein, i n the E i f e l area of West (Germany. 
In some of these published studies, low-energy, overbank f l o o d 
deposits appear to l i e on extensive planar interdune surfaces. This 
agrees with the observations from modem dunefields (Ch. 2 ) , and the 
theory of interdune flooding developed i n Chapter 4. 
I t i s apparent that these interdune flood deposits may be c l a s s i -
f i e d between more perennial interdune pond deposits, and deposits l a i d 
down i n channels cut i n t o the interdune areas. The more perennial 
interdune ponds may have been sourced by groundwater, and/or r a i n f a l l 
over the dunefield ( c f . Ch. 5). The flood deposits may be distinguished 
from the more perennial, interdune pond deposits by t h e i r greater v a r i -
a b i l i t y i n thickness, occasional cross-bedding, presence of sheets of 
f l u v i a l l y preworked aeolian sand, dessication surfaces w i t h i n the flood 
deposit (Chs 2 and 5)(Fryberger 1979). 
Some dunefields may have perennial interdune ponds which are also 
flooded. Kocurek (1981) believed that the perennial interdune ponds 
along the coastal margin of the Jurassic, Entrada Sand Sea were periodic-
a l l y flooded by storms. 
Si m i l a r l y , interdune flood deposits with non-erosive bases may be 
associated with channels cut i n t o interdune areas, as observed i n the 
Caherbla Group (ch. 4 ) , and p a r t i c u l a r l y i n the Dawlish Sandstone Forma-
t i o n (Oi. 8). 
The proportion of deposits i n incised channels t o flood deposits 
with non-erosive bases may vary. For instance, the Caherbla Group (Ch, 
4) contains v i r t u a l l y only incised channel deposits i n interdune areas. 
However,- i n the Dawlish Sandstone Formation (Ch. 8 ) , many of the prese-
rved interdune surfaces are covered by sheetflood deposits that appear 
to simply l i e on the interdune surface. 
The preserved channel lenses cut i n t o interdune surfaces i n the 
Caherbla Group have axes p a r a l l e l t o dune trend and near perpendicular 
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to the main regional slope. This suggests that the dunes were capable 
of d i v e r t i n g drainage along t h e i r interdune^areas. This dune channel-
l i n g of drainage agrees with the observations on modem dunefields and 
the models of Andrews (1981) and Talbot (1985)(Ch. 2). 
Andrews' example indicated that channel i n c i s i o n i n t o the interdune 
area between climbing dunes was followed by channel aggradation and 
advance of the succeeding climbing dune over the interdune area, burying 
the- channel f i l l . This agrees with the models f o r the Devonian 
Caherbla Group (Ch. 4 ) . Talbot's (1980) model was s i m i l a r , but did not 
indicate i n c i s i o n i n t o the interdune area. Instead, gradation o f i n t e r -
dune deposits (including f l u v i a l deposits) occurred between s t a b i l i s e d 
dunes, due to decreased a r i d i t y i n the region. Both the s t a b i l i s e d 
dunes and impounded 'interdune' deposits were then overriden by new 
transverse dunes during a subsequent a r i d phase. 
Associations si m i l a r to t h i s model appear to be very rare i n Pre-
Pleistocene deposits. One or two impounding dunes that were gradually 
overriden by the impounded f l u v i a l deposits are known from the Caherbla 
Group. However, i n the Group, these are f a r rarer than associations 
similar to Andrews' model. I t must also be noted that the impounding 
dunes that were overwhelmed by f l u v i a l deposits lay on similar f l u v i a l 
deposits (Figs 29, 41; 153 metres). Therefore, they were more similar 
to the model of Simpson and Loope (1985), based upon the White Sands 
Dunefield, New Mexico, U.S.A. This suggested that during moister 
periods, aeolian dunes did not climb s i g n i f i c a n t l y and only t h e i r stacked 
interdune deposits accumulated. The aeolian diones were only preserved 
due to preservation o f dune toes beneath interdune deposits (Fig. 13). 
The apparent absence of pre-Pleistocene fluvio-aeolian associations 
similar to Talbot's model based on Pleistocene to Holocene fluvio-aeolian 
deposits may further indicate that global climatic fluctuations i n the 
la s t 'few m i l l i o n years have been abnormally extreme. A l t e r n a t i v e l y , 
the known pre-Pleistocene fluvio-aeolian successions may through chance 
not have been deposited i n the most c l i m a t i c a l l y sensitive desert 
regions ( f o r instance, on the equatorward margin of a sub-tropical 
b e l t ) . 
Less dramatic clim a t i c fluctuations i n pre-Pleistocene periods may 
have caused associations similar to Talbot's model, but with f a r less 
f i l l i n the interdune areas. The same dune could then re-advance over 
the impounded, c h i e f l y waterlain, interdune deposits, although the o r i -
ginal dune toe had been st a b i l i s e d or buried beneath those impounded 
34 
deposits ( c f . Gradzinski and Jerzykiewicz 1974, Pulvertaft 1985). 
In a l l the data presented i n t h i s project, there i s no evidence t o 
support Stokes* (1968) concept o f extensive aeolian cross-set bounding 
surfaces created by periodic aeolian d e f l a t i o n events to the water 
table. Undoubtedly, widespread aeolian d e f l a t i o n events may occur, but 
they are rare, and more l i k e l y to be associated with areas of f l u v i a l or 
aeolian sheet sands ( c f . Glennie 1970). 
Flu v i a l channels c u t t i n g dunefields do not always follow interdune 
areas. I f the slope i s s u f f i c i e n t , f l u v i a l or fan discharge s u f f i c i e n t , 
or the r e l i e f of both the dunes and dunefield low enough, a channel can 
cut the dune trend (Ch. 2), In the Devonian, Caherbla Group (C^. 4 ) , 
t h i s happens i n only one case, where a channel extending from a fan 
lobe sliced through the dunefield at the Inch Glen l o c a l i t y . The 800-
metre wide channel cut perpendicularly through large, shoaling, com-
pound barchanoid dunes which were at least 20 metres high. This unusual 
route probably r e f l e c t s the lack of an alternative route for the fan 
drainage at that time. I t i s probable that the channel cut i n t o the 
dunefield incrementally and did not s l i c e through these large dunes i n 
a single flood. This association i s comparable to the way the Tsondab 
and Tschaubrivier Rivers cut through large l o n g i t u d i n a l , reversing and 
star dunes on the eastern margin of the Namib desert (Breed et a l . 
1979, Fig. 224)(Ch. 2). 
In the Dawlish Sandstone Formation, drainage was often obliquely 
opposed t o the barchan, barchanoid and transverse dune migration direc-
t i o n . Once again, i t appears that there was no alternative route f o r 
fan drainage, as a dunefield rimmed the whole of the fan. However, as 
the dunes migrated roughly p a r a l l e l to the highlands to the west, axial 
fan drainage i n the Kenton area was able to travel along the interdune 
corridors {Ch, 8, Figs 99, 101). Although the larger channels i n the 
Dawlish area cut the same trend, minor flows could s t i l l be channelled 
along interdune corridors. The climate during the deposition of the 
lower Permian, Dawlish Sandstone Formation was more extreme than that 
during deposition o f the Devonian successions. The Dawlish .area seems 
to have suffered from a r i d i t y punctuated by sudden and powerful floods. 
This may have allowed greater channel switching due to blocking of some 
channels and more frequent dune cu t t i n g by channels." This delicate 
balance betv^en the processes may also account f o r the marked f l u c t u -
ation i n dune cross-set sizes and angles of climb. 
35 
The successions containing barchan to transverse dunes discussed 
so f a r have contained s i g n i f i c a n t quantities of aeolian to f l u v i a l depo-
s i t s . However, t h i s i s not always so. The lower member (a) of the 
Beenmore Sandstone Formation of the Pointagare Group contains s o l i -
tary, tabular, aeolian sandstone cross-sets capping sandy,low sinuosity 
r i v e r channel margin t o overbank deposits. 
Thompson (1970a) produced an important study o f the Triassic sedi-
mentary cycles i n the Cheshire basin. He demonstrated similar channel 
to overbank cycles capped by frequently s o l i t a r y aeolian dune sets. I n 
some cases, these cycles form multistorey sequences. 
These examples demonstrate that r e l a t i v e l y small, t h i n aeolian 
dune deposits can be preserved on the floodplains of sandy r i v e r s . 
Although the dune sets are s o l i t a r y , the upper bounding surfaces of the 
examples i n the Pointagare Group are believed to be aeolian low-angle 
interdune surfaces that became flooded, w h i l s t the superficial dunes 
were f l u v i a l l y reworked. 
Channel source-bordering, probably compound barchanoid aeolian 
dune deposits also occur i n the Caherbla Group, Western Kilraurry Bay 
section at 226 - 257 metres (Fig. 45). I t i s possible that as i n some 
modem examples (Cti. 2 ) , the source-bordering dunes assisted i n confin-
ing flow i n the channel during flood stage. 
d) Associations w i t h aeolian sheet sand deposits 
Aeolian sheet sand deposits are very rare w i t h i n the Devonian Caherbla 
and Portishead Groups (Chs 4 and 6), and generally only occur as i n t e r -
dune deposits w i t h i n the Devonian Pointagare Group (Ch. 5). However, 
they occur both as interdune deposits and as apparently s o l i t a r y a e o l i -
an plane bed deposits w i t h i n the Permian Dawlish Sandstone Formation. 
This i s also the case i n the Permian deposits on Arran (Clemmensen and 
Abrahamsen 1983). This again suggests that the Permian climate was 
more a r i d than the Etevonian, allowing aeolian sheet sands to be preserved 
beneath blankets of overloaded sheetflood deposits. 
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9.9 Cone lias ions 
1. Major dunefields may have occupied broader climatic belts i n the 
past due to absence of sand s t a b i l i s i n g gpasses pr i o r t o the 
Cretaceous (Glennie and Evamy 1968) and due to sparsity or absence 
of t e r r e s t r i a l vegetation p r i o r to the mid-Palaeozoic (Schumm 
1968, Cotter 1978). 
2. Differences between Pleistocene to Holocene and pre-Pleistocene 
fluvio-aeolian interactions may be due to effects of the Pleisto-
cene gl a c i a t i o n ( c f Glennie 1970, 1972, 1983). Glacial periods 
appear to have occupied only a small percentage of geological time 
(Frakes 1979). 
3. Longitudinal and star dunes are ccmmon i n present deserts yet are 
apparently rarely found i n pre-Pleistocene deposits. This may be 
due to climatic differences as discussed above, and/or due to 
t h e i r lower preservation potential due to lack of migration, of 
these dune types. 
4. Dunefields occur at mid-high latitudes having formed during periods 
of g l a c i a l maxima and retreat. These appear to be rapidly s t a b i l -
ised and degraded during i n t e r g l a c i a l periods. This may explain 
t h e i r apparently great r a r i t y i n pre-Pleistocene high l a t i t u d e or 
g l a c i a l deposits, 
5. Modern and ancient f l u v i a l systems associated with dunefields are 
coimionly sheetflood or low sinuosity, * braided' channel deposits. 
These are generally sandy. Higher sinuosity f l u v i a l deposits 
w i t h i n dunefields are rare, unless the dunefield i s s t a b i l i s e d . 
However, high sinuosity r i v e r s may flow along the flanks of the 
f i e l d . 
6. Aeolian formations are most commonly underlain or overlain by a l l u -
v i a l fan or f l u v i a l deposits. Shallow marine deposits are the 
next most coimon associate. 
7. Sand from an underlying f l u v i a l deposit can frequently be proven 
to have sourced the overlying aeolian deposit i n deposits of a l l 
ages. 
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8. Aeolian dune deposits frequently form part of giant f i n i n g up-
ward cycles. This i s due to basin f i l l i n g causing basin centre or 
d i s t a l environments (such as dunefields) to encroach toward the 
basin margins. Smith et a l . (1974) suggest that t h i s i s due to 
slope degradation causing lower energy drainage, coupled w i t h dec-
reased upland r e l i e f causing decreased r a i n f a l l . The lower slopes 
on the sediment surface i n the basin would also allow greater 
i n f i l t r a t i o n of runoff. 
9. Many pre-Pleistocene sequences begin sharply, suggesting that a l -
though basin aggradation i s of significance, more iinnediate causes 
may be superimposed. These include a period of increased a r i d i t y , 
or fan lobe abandonment ( c f . Ghs 4, 5, 6 and 8), Brookfield 
(1980) also suggests backfaulting i n the hinterland to-explain 
some southern Scottish Permian examples where the dunefield exten-
ded over an the underlying fan. 
10. Formations and Members of aeolian dune deposits are frequently 
followed by f i n e r f l u v i a l deposits. Reasons f o r t h i s include: a 
moister climate; basin aggradation; decreased sediment surface 
slope; marine transgression. Given that the climate became moist-
er, subsequent drainage across the dunefield may have'been sluggish and 
disrupted due to dunefield r e l i e f and channelling between s t a b i l i s e d 
dxines (Garner 1974). This may explain the high sinuosity f l u v i a l 
deposit above the aeolian dunefield Formation C i n the Portishead 
Group (Ch. 6). 
11. Formations and Members of aeolian dune deposits are not often 
succeeded by f l u v i a l deposits of sandstone or pebbly sandstone. 
12. Some Formations and Members of aeolian dune deposits are followed 
by breccia or conglomerate Formations. These predominantly a l l u v i a l 
fan deposits are due to renewed u p l i f t i n the catchment, or less 
comnonly, a marked decrease, i n a r i d i t y . 
13. Major cycles w i t h i n fluvio-aeolian Formations or Members s i m i l a r l y 
have tectonic or climatic causes (CSi. 4 ) . 
14. Thick i n t e r d i g i t a t i o n s of f l u v i a l deposits i n t o aeolian Members or 
Formations may represent the dunefield margin equivalent of 
Talbot*s (1985) regional bounding surfaces. 
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15. I n Pleistocene or Holocene deserts, perpendicular or opposed 
f l u v i a l and aeolian transport directions are comnon. This i s often 
because winds and dunes are frequently controlled by wind channel-
l i n g along the basin or convection and v o r t i c a l processes perpend-
i c u l a r t o the basin margin. 
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16. In pre-Pleistocene deposits, opposed or ''fluviaUpalaeocurrents 
were very comiion due to many of the intermontane basins and pied-
mont scarps being perpendicular to prevailing regional winds (the 
dunes wzre v i r t u a l l y a l l barchan t o transverse). 
17. Concordant aeolian and f l u v i a l transport directions i n present 
dunefields may extend through the f i e l d i f the longitudinal dunes 
have been at least p a r t i a l l y s t a b i l i s e d by Holocene climatic 
amelioration. More often, concordant drainage dies out i n ephem-
eral streams and sheetflood areas upwind of the f i e l d . This area 
acts as the sand source f o r the dunefield. 
18. I n pre-Pleistocene deposits, concordant drainage i n or on the non-
upwind margins of the dunefield are rare. Only examples from the 
Triassic of northwest Europe contain concordant channels. These 
are believed to have been due to stable areas on which dunefields 
of barchan to transverse or dome dunes could develop. This sug-
gests that the channels although sandy and low to moderate sinuos-
i t y , d id not migrate across the whole p l a i n (Thompson 1970a, b; 
Mader 1982b), 
19. Channels can be divided i n t o those which bound dunefields and those 
which cut dunefields. In pre-Pleistocene deposits, i t i s d i f f i r 
c u l t to ascertain when channels cut dunefields completely, or died 
out w i t h i n the f i e l d ( c f . Chs 4 and 8). 
Channels bounding the margins of dunefields can be divided i n t o : 
those that bound the downwind margin or flanks; and those that 
bound the upwind margin of the f i e l d and probably source i t . 
I t i s apparent that i n some cases, duriefield r e l i e f can exclude 
f l u v i a l channels or floodwaters from the f i e l d (Chs 2, 4, 5 and 6). 
22. However, i f there i s no alternative route f o r the drainage and i t 
has s u f f i c i e n t energy, i t may cut across the dunefield. This i s 
observed i n present and pre-Pleistocene deserts (Chs 2 and 4 ) . 
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23. I f the source f d r a channel entering a dunefield i s f i x e d , such 
as those i n the eastern Namib, the f l u v i a l deposit may form a 
crude v e r t i c a l b e l t through the dunefield deposits (Ch. 2). This 
may occur i n the Caherbla Group where the fan axis cuts- the dune-
f i e l d at Caherbla (Fig. 17). 
24. On the upwind margin of a dunefield, channels running perpendic-
u l a r l y to the aeolian sand transport d i r e c t i o n may also sonnrce the 
f i e l d . During periods of low stage i n the channel, dunes may 
accrete t o the downwind margin of the channel, causing the channel 
to migrate upwind and the dunefield to extend upwind with i t 
(Chs 2 and 5). 
25. Source-bordering dunes are most l i k e l y to develop by channels which 
have marked fluctuations i n water levels and sandy margins. 
26. Wilson (1970) demonstrated that aeolian sand d r i f t i n t o some pres-
ent dunefield c u t t i n g r i v e r s should be s u f f i c i e n t to block them, 
yet they maintain t h e i r courses. He explained t h i s to be due to 
aeolian d e f l a t i o n removing the additional sand i n the channel 
during dry periods, allowing i t to continue i t s journey on the 
other side of the channel. 
27. Channel source-bordering dunes are best, or only developed where 
channels become perpendicular t o the prevailing wind. 
28. Source-bordering dunes act as crude levees adjacent to some present 
channels (Ch. 2 ) , and may have done so i n the past, as i n the 
Caherbla Group (Ch. 4 ) . 
29. Fluvial channels indunefields frequently follow interdune areas 
between dunes and hence are oriented to the dune trends. This can 
also be recognised w i t h many pre-Pleistocene deposits (Chs 2, 4, 5 
8 and 9). Lower energy f l u v i a l or flood deposits are most prone 
to t h i s channelling or ponding along interdune areas. 
30. I n v i r t u a l l y a l l pre-Pleistocene examples, the dune bounding sur-
faces are interdune deflationary surfaces upon which the dunes 
gently climbed t h e i r predecessor ( c f . Wilson 1970,1972b; Brook-
f i e l d 1977). There i s no evidence that aeolian d e f l a t i o n to water 
table created dune bounding surfaces. 
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31. However, i n moister periods during a dunefields'history, dunes 
could be stab i l i s e d and th i c k f l u v i a l deposits deposited i n i n t e r -
dune areas. Talbot (1985) suggested that i n transverse dune 
systems, the st a b i l i s e d dunes and impounded interdune deposits 
would be preserved i n t a c t w h i l s t new transverse dunes migrated over 
them. However, no exanples supporting t h i s model are known from 
the pre-Pleistocene. This may be due to the unusually extreme 
Pleistocene clim a t i c fluctuations. 
32. The model of Andrews (1981) bears more resemblance to seme pre-
Pleistocene fluvio-aeolian interactions i n transverse dunefields, 
with the channels incised i n t o interdune areas and the same dune 
migrating over the channel once i t has aggraded. This agrees w i t h 
the examples i n the Caherbla Group (Ch. 4). 
33. Intermediate types between the models of Talbot (1985) and Andrews 
(1981) which are based on Pleistocene to Holocene examples, are 
found i n pre-Pleistocene deposits. These never have completely 
s t a b i l i s e d and preserved dunes, but dune toes may be preserved 
beneath impounded f l u v i a l deposits. The unburied part of the dune 
then advanced over'the deposit (Ch. 4)(Gradzinski and Jerzykiewicz 
1974, Pulvertaft 1985). 
34. I f angle of climb of dunes was ne g l i g i b l e , f o r instance during a 
raoister phase, only coalesced interdune deposits may be preserved 
(Simpson and loope 1985). Simpson and Loope (1985) demonstrated 
that the dunes toes might only be preserved when overwhelmed and 
buried by flood deposits. This occurred i n one example i n the 
Caherbla Group (Ch. 4 ) , 
35. Occasionally, aeolian dune deposits may block channels ( c f . Ch. 4). 
36. Aeolian non-interdune sheetsands may be preserved i n f l u v i a l suc-
cessions generally i n association with overbank deposits (Glennie 
1970). More a r i d environments are more l i k e l y t o allow t h e i r pres-
ervation, hence t h e i r frequency i n Permian deposits and r a r i t y i n 
Devonian deposits. 
37. Soft-sediment deformation of aeolian dune deposits i s not common 
i n a l l fluvio-aeolian successions. 
To summarise, fluvio-aeolian associations are dependant upon basin 
type, level of a r i d i t y and frequency of r a i n f a l l , size of f l u v i a l or 
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fan catchments, the resultant aeolian sand d r i f t d i r e c t i o n , quantity and 
type of vegetation, overall dunefield r e l i e f and dune type and scale. 
The r e l a t i v e significance of these factors can be gauged i n both 
modem and ancient deposits. 
Characteristic patterns of fluvio-aeolian interaction occur i n 
Pleistocene-Holocene and pre-Pleistocene deposits, ^todels of these 
patterns may be of value i n predicting v e r t i c a l and l a t e r a l facies 
relationships from single or poorly exposed sections through f l u v i o -
aeolian successions. 
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